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This document presents the work plan for the Phase 111 RCRA Facility Investigation/CERClA Remedial 

Investigation (Rfl/RI) of the 881 Hillside Area (Operable Unit No 1) at the Rocky flats Plant After an 

introduction to the site In Section 10, the work plan summarizes results of the Phase I and Phase II Rls 

(Rockwell International, 1987a and 1938a) in Section 2 Section 3 defines Phase 111 RFI/RI data quality 

objectives and data needs based on the condusions from Phases I and It, and Section 4 specifies RFI/RI tasks 

including a baseline risk assessment and feasibility study Section 5 is the Field Sampling Plan for soils and 

water which is designed to meet the RFI/RI objectives Section 6 presents plans for an environmental 

evaluation In the 881 Hillside Area 

- 

Sites at the 881 HUlslde Area were selected as High Priority Snes as a result of Plant-wde 

characterization activities whlch showed elevated concentrations of vdatile organic compounds in ground 

water upgradient from Woman Creek (U S DOE, 1987a) The Phase I and Phase I1 Ris Indicated that the 

unconfined groundwater flow system Is contaminated The most pronounced organic contamination Is in the 

eastern portlon of the 881 HiUside Area, with tetrachloroethene, tnchloroethene, 1,l dichloroethene, 1,l- 

dichloroethane, 1,1,1 -tnchloroethane, 1,1,2-trichloroethane, and carbon tetrachlorrde reaching several thousand 

micrograms per itter in many samples Organic contamination in the western portion of the 881 HillsMe area 

occurs at much lower concentrations Concentrations of metals and inorganics above estimated background 

levels are considered to represent possible contamination for the purposes of planning the Phase 111 RFI/RI 

The eastern portion of the study area showed the highest concentrations of inorganic constituents, wnh tobl 

dissolved solids of approximately 2000 milligrams per liter, and numerous occurrences of nickel, strontium, 

selenium, zinc, copper, and uranium above background in most wells Other metals exceeded background 

less frequently and by a smaller margin in this area and elsewhere at Operable Untt No 1 

a 

Phase I and Phase I1 solls investigations Indicated tetrachloroethene, trichloroethene, and 1, i ,I-  

trichloroethane contamination in some soil samples Prevalent occurrences of methylene chlorlde, acetone, 

and phthalates In soil samples have raised questions of laboratory contamination which prevent definitive 

conclusions about the actual presence of these contaminants in sdls Plutonium and americium were detected 

above background in soil samples that indude the ground surface Windblown radionuclide-beanng dust from 
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i the 903 Pad Area is the zwpec&d source dthese radionuclides. piensforadditknal charactedzatlon dwaste 

sources and soils are described herein. 

Tetractdoroethene and trlctdoroethene are the principal volatile organic compounds which have been 

detected in surface water samples from a few stations, although the concentrations and frequency of 

occurrence are low Low concentrations of methylene chloride, acetone, and toluene in the surface water 

occur at many sampling statlons The furthest downgradient surface water samples do not show organic 

contamination Numerous metals and other inorganic compounds were occasionally above background 

Gross alpha, gross beta, uranium, and plutonium exceeded background In many of the samples 

- 

Proposed sampling and analysis for the RFI/RI, presented in Section 5, will support source 

characterization and better definition of the nature and extent of soil, ground-water, and surface water 

contamination Approximately fifty boreholes will be drilled and nineteen monitor wells will be installed for 

the purposes of source characterization An additional sixteen monitoring wells will be installed to determine i 

the nature and extent of contamination, and to support hydraulic testing for better characterization and 

prediction of contaminant movement 

Based on the Phase I and II results, an interim measures/interim remedial action (IM/IRA) is being 

implemented at OU 1 The IM/IRA focuses on the cdiectlon of contaminated alluvial ground water, and 

treatment of the ground water to remove organic and inorganic contaminants 

Surface soil scrapes, and sod  samples for vertical profile analysis will be collected to better characterize 

the distribution of radionudides, and to complement an investigation of surface soils over an 800 acre area 

which is planned for Operable Unit No 2, east of the 881 Hillside Area Three new sediment sampling stations 

wdl be established to enable characterization of sediments that are more directly associated with the 881; 

Hnlside than sediment samples analyzed in prewous investigations 

A baseline nsk assessment plan is provided in Sections 4 1 6 and 6 The baseline risk assessment 

indudes both a public health evaluation and environmental evaluation Section 4 1 6 focuses on the public 

health evaluation induding contarnlnant MentMcation, exposure assessment, toxicity assessment, and risk 
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character&atkm This 8ectionalsobrieAydiscwrsesthe BllvkonmenEEd evalurdion, hawever, thedetabare 

provkled in Section 6, the EnvkonmenCal Evaluatkn Plan This plan was prepared to provlde a ttamework for 

addressing envirotrmental effects as a result of exposure to contaminants from the 881 Hillside Area. The pian 

I 

0 I 

presents a threestage approach for conducting the environmental evaluation The sequential approach was 

designed to ensure that all procedures to be performed are appropriate, necessary, and sufficient to adequately 

, 
I 

- characterize the nature and extent of the environmental impacts resulting from contaminants at 881 Hillside I 
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- 
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HSP 
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MATC 
mCi/m2 
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mg 

ml 

mm 
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W / g  
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RAID 
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RfD 
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integrated Risk information System 
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Maximum Allowable Tissue Concentrations 
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Maximum Contaminant Level 

Maximum Contaminant Level Goal 

Minimum Detectable ActMty 
Milligrams 
Milligrams Per Kilogram 
Milligrams Per Liter 
Milliliters 
Millimeters 
National Contingency Pian 
Nanometers 
National Pollutant Discharge Elimination System 
Office of Solid Waste and Emergency Response 
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picoCuries per Gram 
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ACRON YM 
SAP 

SARA 
SDWA 
SOP 
sw 
SWMU 
TAL 
TBC 
1,1,1 -TCA 
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TCE 
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TDS 
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This document presents the work plan for the Phase 111 RCRA Facility Investigation/CERCLA Remedial 

Investigation (RFI/RI) of the 881 Hillside Area (Operable Unit No 1) at the Rocky Flats Plant. It addresses 

characterization of contaminant 8 0 ~ ~ 8 8  as well as the nature and Went of contamination in soils, ground 

water, and surface water The work plan also pregents the tasks that must be completed In the performance 

of the RCRA Corrective Measure Study/CERUA Feasibility Study (CMS/FS) 

This investigation is part of a comprehensnre, phased program of &e charaderization, remedial 

investigations, feasibdity studies, and remedial/corrective actions currently in progress at the Rocky flats 

Plant These investigations are pursuant to the U S Department of Energy (DOE) Environmental Restoration 

(ER) Program [formerly known as the Comprehensive Environmental Assessment and Response Program 

(CEARP)], a Compliance Agreement between DOE. the U S Environmental Protection Agency (EPA) and the 

State of Colorado Department of Health (CDH) dated July 31, 1986, and the Federal Facility Agreement and 

Consent Order (FFACO) [known as the Inter-Agency Agreement (IAG)] The program developed by DOE, EPA, 

and CDH in response to the agreements addresses RCRA and CERCLA issues and has been integrated with 

the ER Program In accordance with the IAG, the CERCLA terms "Remedial Investigation" and "Feasbility 

Study in this document are considered equmlent to the RCRA terms 'RCRA Facility Investigation' and 

'Correctwe Measures Study' 

0 

1 1 ENVIRONMENTAL RESTORA TION P RoGRAY 

The ER Program is designed to investigate and clean up contaminated sites at DOE facilities The 

ER Program is being implemented in five phases Phase 1 (Installation Assessment) includes preliminary 

assessments and site inspections to assess potential emronmental concerns Phase 2 (Remedial 

investigations) includes planning and implementation of sampling programs to delineate the magnitude and 

extent of contamination at specific sites and to evaluate potential contaminant migration pathways Phase 3 

(Feasibility Studies) evaluates remedial alternatives and develops remedial action plans to mRigate 

environmental problems identined as needing correction in Phase 2 Phase 4 (Remedial Design/Remedial 
0 
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Action) lndudesdedgnmd lmplementatkn ds&epe~&remedlalrctkrw sekted Onthe besisdPha88 3 

feaslbilitystudk Phases (ComplienceandVerWicetkn) lmplement8mon#orlngandperforma~eassegsments 

of remedial actbns, andvdfkand documentsthe dequecy dremedial actlons carried out under Phase 4 

Phase 1 has already been completed at Rocky Flats Plant (US DOE, l a ) ,  and Phases 2 , 3 ,  and 4 are 

currently In progress for Operable Unit No 1 

Phase 2 actMties at Operable Unit No 1 Mude a Phase I and a Phase II RI An hlttal (Phase I) fleld 

program was completed at the 881 Hillside Arm in 1987, and a draft Phase I RI report was submltted to EPA 

and CDH in July 1987 (RockweN Internattonal, 1987a) Based on results of that Investigation, B second phase 

of field work was conducted at the 881 Hillskle in the fall of 1987 A draft Phase II RI was submltted to EPA 

and CDH in March 1988 (Rockwell International, 1988a). and in October 1988 the DOE received wrmen 

comments on the draft Phase II RI 

ER Program Phase 3 activities indude submittal of a draft FS report to EPA and CDH in March 1988 

(Rockwell International. 1988b) This document was submltted with the draft Phase II RI report, and EPA 

comments on the FS were received with the Phase II RI comments Written responses to the March 1988 

RI/FS were prepared and forwarded to EPA In February 1989 (Rockwell International, 1989a) An Interim 

remedhl action plan has also been developed to collect and treat contaminated alluvial ground water at 

Operable Una No 1 (US DOE, 199oa) The plan was released for public comment during October and 

November 1989 and finalized in January 1990 Construction of the interim remedial action was started In 

January 1990 A final remedhl action will be proposed based on Phase I, II ,  and 111 Investigations 

A draft Phase ill RFI/RI Work Plan was submmed to EPA and CDH In February 1990 (EG&G, 199Oa) 

Thts final Phase 111 plan incorporates comments received by EPA and CDH in May 1990 Written responses 

to these comments are being submltted under separate cover 

1 2  WORK PLAN OVE RVlEW 

This Phase 111 RFI/Ri Work Plan for the 881 Hillside Area presents results of the Phase I and Phase II 

Rls, defines data quality objectives and data needs based on that Investigation, specifies RI/FS tasks, and 

QCtOIER 1990 
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wmts a Fleld Samphg plan (FS) The ptan hcorporateragency COmmenEb on the March 1988 WFS 

This sectlon (1 In$oductlon) precwncrr &e -add- and section 2 preserds results dthe 

preview Rls. lnduded in sediorr 2 are Phase I and Phase II characteritatkn resultsfor site geoiogyand 

I 0 
I 

I 
hydrology as well as the nature and extent d contamination In &IS. ground water, surface water, and 

sediments Section 3 diswsses data quality objectives for the Phase 111 hestigation Section 4 specifies 

RI/FS tasks to be performed, and Section 5 presents the FSP to meet RIPS objecthres Section 6 presents 

a detailed environmental evaluation plan for the 881 Hillside Area. l 

1 3 BACKGROUND AND PHYSICAI , SElTNG 

1 3 1 Backaroua 

The Rocky flats Plant is a govemment-owned, contractor-operated facility, which IS part of the 

nationwlde nuclear weapons production complex The Plant was operated for the U S  Atomic Energy 

Commission (AEC) from its inception in 1951 until the AEC was dissolved In January 1975 At that time, 

responsibility for the Plant was assigned to the Energy Research and Development Administration (ERDA), 

which was succeeded by the DOE in 1977 Dow Chemical U S A ,  an operating unit of the Oow Chemical 

Company, was the pnme operating contractor of the facllity from 1951 until June 30, 1975 Rockwell 

International was the pnme contractor responsible for operating the Rocky Flats Plant from July 1 ,  1975, until 

December 31, 1989 EG&G Rocky flats, Inc, became the pnme contractor at the Rocky flats Plant on 

January 1 ,  1990, and currently operates the Plant 

e 

1 3 1 1 Plant Operations 

The primary mission of the Rocky Flats Plant is to fabncate nudear weapon components trom 

plutonium, uranium, and other non-radioactive metals (principally beryllium and stainless steel) Parts made 

at the Plant are shipped elsewhere for assembly In addnion, the Plant reprocesses components after they 

are removed from obsolete weapons for recovery of plutonium 
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Both radioacthFerrnd n o n r a d i o l l c t h r e ~ ~ e r e ~ e d  in the productlonproccwa cwrenrwaste 

handling practices Involve on-site and off-site recydlng d hazardats materials, on-she storage of hazardous 

and radioactive mbmd wastes, and off-site disposal d solid radiuadve meterlals at anothet DOE facility 

However, both storage and disposal of hazardous and radioactive waste8 occurred on dte in the past. 

Preliminary a5888sments under the ER Program identified some of the past on-site storage and disposal 

locations as potential sources of environmental contamination 

0 

1 3  1 2 Previous Investigations 

Varlous studies have been conducted at the Rocky Flats Plant to characterize environmental media and 

to assess the extent of radiological and chemical contaminant releases to the enwronment The investigations 

performed prior to 1986 are summarized in Rockwell internattonal (1986a) and indude 

DetaUed demptions of the regional geology (Malde, 1955, Spencer, 1961, Scott, 1960,1963, 
1970,1972 and 1975, Van Horn, 1972 and 1976, U S DOE, 1980,  Dames and Moore, 1981, and 
Robson et ai, 1981a and 198lb) 

Several drilling programs beginning in 1960 that resulted in the constructlon of approximately 
60 monitor wells by 1982 

An investigation of surface and ground-water flow systems by the U S Geological Survey (Hun, 
1976) 

Environmental. ecdogical, and public health studies which culminated in an environmental 
impact statement (U S DOE, 1980) 

A summary report on ground-water hydrology using data from 1960 to 1985 (Hydro-Search, 

A preliminary electromagnetic survey of the Plant penmeter (Hydro-Search, Inc , 1986) 

inc., 1985) 

A soil gas survey of the Piant penmeter and buffer zone (Tracer Research, Inc , 1986) 

Routine environmental monitoring programs addressing air, surface water, ground water, and 
soils (Rockwell International, 1975 through 1985, 1986h and 1987b) 

I 

In 1986, two major Investigations were completed at the Plant The first was the ER Program Phase 1 

installation assessment (U S DOE, 1986) which included analyses and identification of current operational 

activfiies, active and inactrve waste sites, current and past waste management practices, and potential 

environmental pathways through which contaminants could be transported A number of sites were Mentifled 0 
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thatcadd patentiallyhaveadverse&llpadsontheenvkorrment. These- Weredesigrretedaarsdid waste 

Menagemmt U n b  (SWMUs) by Rockweli lnt- (1987~) and w 8 c ~  dMded into three categode~ 
0 

1) 

2) 

Hazardow waste management units that will continue to operate and need a RCRA operating 
Permk 

Hazardous waste management units that will be dosed under RCRA interim status 

3) Inactive waste management units that will be imrestlgated and cleaned up under Section =(u) 
d RCRA or CERCIA. 

The IAG redefines the SWMUs within the second and third categories as IndMdual Hazardous 

Substance Sites (IHSSs) This term is used hereinafter, however, no RCRA or CERCU regulatory distinction 

in the use of the terms "site', 'unit", or 'SWMU' is intended in this document 

The second major investigation completed at the Plant in 1986 Involved a hydrogeologic and 

hydrochemical characterization of the entire Plant sne Plans for this study were presented in Rockwell 

tntematiod (ISSSC and 19864). and study results were reported in ~ o c ~ e l t  tnternatioM ( ~ s a ~ e )  

Investigation results indicated four areas to be significant contnbutors to environmental contamination, with 

i 
l 

each area containing several snes The areas are the 881 Hillside Area. the 903 Pad Area, the Mound Area, 

and the East Trenches Area 
l 

Sites at the 881 Hillside Area were selected as High Priorrty Saes 6ecause of the elevated 

concentrations of vdatile organic compounds detected in the ground water, the relatively permeable soils, 

and the proximity of the area to a surface water drainage RFI/RI actMties to date at the 881 Hillside Area are 

discussed in more detail in Section 2 

I 

1 3 2 Phvsical Settinq 

The Rocky flats Plant is located in northern Jefferson County, Cdorado, approximately 16 miles 

northwest of Denver (Figure 1-1) The Plant consists of approximately 6,550 acres of fededly owned land 
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In sediorw 1 through 4 and Qthrough 15 0fT2S1 R70W, 6th PrindpgJ M d k  Malor tw6dhg8are located 

within the Plant 88cuTlfy area d appraxhnately 400 acttw. The secudty area IS surrounded by 8 buffer zone 

of approximately 6,150 acres (Figure 1-2) 

I 
I 1 3 2 1 Topography 
I 

The natural environment of the plant and vicinity Is lnfiuenced primarily by Its prodmiry to the Front 

Range of the Rocky Mountains. The Plant is directly east of the north-south trending Rocky Mountains. with 

an elevation of approximately 6,000 feet above sea level Rocky flats Plant is located on a broad, eastward 

sloping plain of coalescing alluvial fans developed along the Front Range The fans extend about five mdes 

in an eastward direction from their origin at Coal Creek Canyon and terminate on the east at a break in slope 

to low rolling hills The continental divide is about 16 miles west of the Plant The operational area at the Plant 

is located near the eastern edge of the fans on a terrace between streamcut valleys (North Walnut Creek and 

Woman Creek) 

1 3 2 2 Surface Water Hydrology 

Three internment streams drain the Rocky Flats Plant with flow generally from west to east These 

drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2) Rock Creek drains the northwestern 

comer of the Plant and flows northeast through the buffer zone to its off-site confluence with Coal Creek An 

east-west trending topographic dMde bisects the Plant separating the Walnut and Woman Creek drainages 

North and South Walnut Creeks and an unnamed tributary drain the northern portion of the Plant securlty area 

These three forks of Walnut Creek join in the buffer zone and flow to Great Western Reservoir approximately 

one mile east of the confluence Woman Creek drains the southern Rocky flats Plant buffer zone flowing 

easlward tS Standiey Reservoir The South Interceptor Ditch lies between the Plant and Woman Creek The 

South Interceptor Ditch collects runoff from the southern Plant security area and diverts it to Pond C-2, where 

it Is monttored in accordance with the Plant National Pollutant Discharge Elimination System (NPDES) perme 

pnor to discharge to Woman Creek 



Gedogk units at the Rocky Flats PlaM (in descending order) are the surflcfal units (Rocky Flats 

Alluvium, various terrace a#uvim valley fil alluvium. and cdlwium) (Figure 1-3) and bedrock (Ampahoe 

Formation, Laramie Formath, and Fox HPls Sandstone) (FIgwe 14) Ground water occurs under uncodned 

conditfons in both the surfidai and subcropping bedrock units. In addition, confined ground-water flow occurs 

in bedrock sandstones. 

Rockv flats All- 

The Rocky Flats Alluvium underlies a large portion of the Plant The alluvium is a broad fan deposit 

consisting of a topsoil layer underlain by up to 100 feet of sit, day, sand, and gravel Unconfined ground- 

water flow occurs in the Rocky flats Alluvium whlch is relathrely permeable Recharge to the allwium Is from 

precipitation, snowmelt, and water losses from dttches, streams, and ponds that are cut into the alluvium 

General water movement In the Rocky flats Alluvium is from west to east and toward the drainages. Ground- 

water flow is also controlled by paleochannels in the top of bedrock The water table In the Rocky Flats 

-4uvium rises in r e  to recharge during the spring a@dedines dudrig the re-minder of the year 

Discharge from the alluvium occurs at minor seeps in the colluvium that covers the contact between the 

allwium and bedrock along the edges of the valleys. The Rocky Rats Alluvium thins east of the Plant boundary 

and does not directly supply water to wells located downgradlent of Rocky flats Plant. 

. 
Other Alluvial Dewsits 

Various other alluvial deposits occur topographically below the Rocky flats Alluvium in the Plant 

drainages Colluvium (slope wash) mantles the valley side slopes between the Rocky flats Allwium and the 

valley bottoms In addition, remnants of younger terrace deposits including the Verdos. Slocum, and Lowiers 

ASW Octllr‘ 
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0 Uncordkredground-waterflowoccwsinthesetwrfkbdudts. Rechateekfrmprecipitatbnpercdatkrc 

fromstreamsduringperiodsdswfacewater~noif,andbyseepsdlsdrargingfromtheRockyFiatsAnuvlwn. 

Discharge is by evapotranspiration and by seepage Into other gedogk formations and streams The direction 

ofground-waterflawisgenerallydownslope throughcdlwlal mate&~Isandthenalongthecoursedthestrearn 

In valley fill materiala During periods of high surface water flaw, water Is lost to bank storage in the valley fill 

alluvium and returns to the stream after the runoff subsides. 

The Arapahoe Formation underlies surfiiial materials beneath most of the Plant except beneath the 

western portion of the Plant. From approximately the middle of the west buffer zone and west almost to 

Hlghway 93, the laramie Formation unconformably underlies the Rocky flats Alluvium The hapahoe 

formation is a fluvial deposit composed of overbank and channel depostts It consists predominantly of 

daystones Wh some siltstones and sandstones. Total formation thickness varies up to 270 feet (Robson et 

al ,198la). and the unit is nearly flat-lying beneath the central and eastern portions of the Plant The sandstone 

bodies wdhln the daystone are composed of very finegrained sand, silt, and clay A Sitewide gedcylk 

characterization is ongdqj at the Plant to further characterize bedrock geology (€G&G, 1990b and Rockwell 

International, 1989b) 

The Arapahoe Formation is recharged by ground-water movement from overlying surfidal deposds. 

The main recharge areas are under the Rocky Flats Allwium, although some recharge from the wiluvium 

and valley fill  alluvium likely occurs along the stream valleys Recharge is greatest during the spring and early 

summer when rainfall and stream flow are at a maxjmum and water levels in the Rocky Flats Alluvium are high 

Ground-water movement In the Arapahoe Formation is generally toward the east, although flow wtthln lndhrldual 

sandstones is controlled locally by the channel geometries Regionally, groundwater flow in the Arapahoe 

+*a*mv ne ** * i.formation is toward"M&MkPIMte Riverdn theicenter of W D m e r  Badn (lWm!m-~&p198ta) .. I* Y P M *  I* , 
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ThelaramieFormarkn~eliiesthe~l>ehoeFormatkr,and&composeddtwouniEs aUlid<upper 

unit composed predominantly d daystone and a lower unit which contains coal and sandstone The upper 

Laramie Formation is greater than 700 feet thick and is of very law hydraulic c o n d w ,  therefore, the U S 

Geologic Survey (Hun, 1976) condudes that Plant operatkrw will not impact any unlts below the upper 

daystone unit of the Laramie Formation 
I 

I 

The lower sandstone unit of the Laramie Fonnatlon and the underlying Fox Hills Sandstone comprise 

a regionally important aquifer In the Denver Basin known as the Caramie-Fox Hills Aquifer (Robson, 1983) 

These units subcrop west of the Plant and can be seen in day prts excavated through the Rocky flats Alluvium 

The steeply dipping beds of these units quickly flatten to the east. Recharge to the aquifer occurs along the 

rather limited outcrop area exposed to surface water flow and leakage along the Front Range (Robson et al , 

198lb) 

1 3 2 4  Meteomlogy 

The area surrounding the Rocky flats Plant has a semiarid dimate characteristic of much of the central 

Rocky Mountain region Approximately forty percent of the 1 fi-lnch annual precipitation falls during the spnq 

season, much of it as wet snow Thunderstorms (June to August) account for an additional thirty percent of 

the annual precipitation. Autumn and winter are drier seasons, accounting for nineteen and eleven percent of 

the annual precipitation, respecthrely Snowfall averages 85 inches per year, falling from October through May 

(US DOE, 1980) 

Special attention has been focused on dispersion meteordogy surrounding the Plant due to the remote 

possibility that signincant atmospheric releases might affect the Denver metropolitan area Studies of air flow 

w“‘”%tf’bl~&&i&~~%&%lst~ [e>g, HcW@h, 1‘983 and 19f34)’ihdicatelhat drainageRaws (winds coming down 3 5 

off the mountains to the west) tum and move toward the north and northeast along the South matte River valley 

and pass to the west and north of Brighton, Colorado (U S DOE, 1986) 

4 <.+e r! 
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1 3 2 5  surrounding land use and Popuratkn oemw 0 
The Rodcy Fht8 I)lant Is located h a  Nd area. ApproJdmately 50 perCem ofthe W8aWithtn tW d 0 8  

ofthe Rocky Flats Plant Is in Jefferson County The remainder Is located In Bovkler County (40 percent) and 

Adams County (10 percent) According to the 1973 cdorado Land Use Map, 75 percent of this land was 

unused orwas used foragricultwe Since thattime, portionsofthis land have been converted to housing, with 

several new housing subdMsions bekrg started within a few miles of the buffer zone 

A recent demographic study shows that approximately 12 2 mflllon people lived within 50 miles of the 

Rocky flats Plant in 1989 (U S DOE, 1990b) Approximately 9,100 people lived within five miles of the Plant 

in 1989 (U S DOE 1990b) The most populous sector was to the southeast, toward the center of Denver 

Recent population estimates registered by the Denver Regional Council of Governments (DRCQG) for the eight- 

county Denver metro region have shown distinct patterns of growth between the first and second halves of the' 

decade Between 1980 and 1985, the populatbn of the eight-county region increased by 197,890, a 2 4 percent 

annual growth rate Between 1985 and 1989 a population gain of 71,575 was recorded, representing a 1 0 

percent annual increase (the national average) The 1989 population showed an increase of 2.225 (or 0 1 

percent) from the same date in 1988 (DRCOO, 1989) 

0 

There are eigM public schods within SIX miles of the Rocky Flats Plant The nearest educational 

facllrty is the Wit! Elementary School, which is approximately 2 7 miles east of the Plant buffer zone The 

dosest hospital is Centennial Peaks Hospital located approximately seven miles northeast. The dosest park 

and recreational area is the Standley Lake area, which is approximately five miles southeast of the Plant 

Boating, picnicking, and limited overnight camping are permitted Several other small parks exist in 

communrties wrthln ten miles The dosest major park, Golden Gate Canyon State Park, located approximately 

15 miles to the southwest, provldes 8,400 acres of general camping and outdoor recreation Other national 

and state parks are located in the mounrains west of the Rocky Flats Plant. but ail are mare than 15 miles 

away * **I b l 'r  * l a * %  til LJ > \ $ $ * & 8 +  $ + * t  I b-' )io " , % rmti I *  * ?  7 - l ? L  

Some of the land adjacent to the Plant is zoned for industrjal development Industrial facilities within 

five miles indude the TOSCO laboratory (4O-acre site located two miles south), the Great Western Inorganics 
0 
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Plant (two miles aouth), the Frontier Fora& Products yard (twomb8mwth),theldeallte UgMWeigMAgqeoate 

Plant (24 mles northwest), and the Jefferwwr County Alrportand IndUsMal Park (9909credtelOcated 4 8 mles 0 
-1 

The animal life inhabiting the Rocky Fiats Plant and Its buffer zone consistS of species associated with 

western prairie regions The most common large mammal is the mule deer (OdocoUeus lembnus), with an 

estimated lo0 to 125 permanent residents. There are a number of small carnivores, such as the coyote (Canis 

I 9 *w fi latans), red fox @u@eshlva). striped skunk (Mephitis mephalsS, and long-bailed msa @Am&la fremaJ A h i . <  
.#JA$L r* 

profusion of small herbivores conslsthg o f  species such as the pocket gopher CTr\omomys sp and 

Perognathus sp ), white-tailed jackrabbit (Lepus townsendii), and the meadow vole (Microtus pennsylvanicus) 
I 

Several ranches are located withlnten miles ofthe plant primarily in Jeffersonand Bouldercountiea 

They are operated to produce wop$ raise beef cattfe, supply milk, and breed and traln horses. According 

to the 1987 Colorado Agricultural Statistics, 20.758 acres o f  crops were planted In Jefferson County (total 

land area of approximately 475,000 acres) and 68,760 awes of crops were planted in Boulder county (total 

land area of 405,760 awes) Crops consisted of winter whegt con barley, dry beans, sugar beets, hay, and 

oats Livestock consisted of 5.314 head of came, 113 hogs, and 346 sheep tn Jefferson County, and 19,578 

head of cattle, 2,216 hogs, and 12.133 sheep in Boulder County (Post, 1989) 

1 3 2 6  Ecology 

A variety of vegetation thrives withtn the Plant boundary Included are species of flora representative 

of tallgrass prairie, shortgrass plains, lower montane. and foothill ravine regions None of these vegetative 

- -  species are on the endawered specks list It is evident that the vegetarive cover along €he Front Range of 

the Rocky Mountains has been radically altered by human activities such as burning, timber cutting, road 

building, and overgraung for many years Since the acquisnbn of the Rocky Flats Plant property, vegetative 

' 0 
, - 

I 

I recovery has occurred, as evidenced by the presence of d&turbance-sensnive grasses species like big 

bluestem (Andropogon gerardii) and sidmats grama (Boutelara curtipendda) 

attributable to hazardous waste contaminatkm have been identified (U S DOE, 1980) 

No vegetath stresses 



a Comnody obsewed bkds indude western (Stlmdla neglects), homed larks (EremophBa 

alpestris), mournlng doves (Zenaidwa macroura), and vesper spanow (P00ecetes graminam) A variety of 

ducks, killdeer (Charadrkrs VOCYBCUS), and red-winged black birds (AgWus phoenicew) are 888n In areas 

adJacent to ponda Mallards (Anas platymynochos) and dher ducks (Anas sp ) frequently nest and rear young 

on Several of the ponds Common birds of prey in the area indude marsh hawks (Circus cyaneus), red-tailed 

hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawk (Buteo lagopus), and great 

homed owls (Bubo vkginlanw) (U S DOE, 1980) - 

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp ) are the most frequently obsewed 

reptiles Eastern yellow-bellied racers (Wuber constrictor) have also been seen The eastern short-homed 

lizard (Phrynosoma dougiassi brevirostre) has been reported on the site, but these and other lizards are not 

commonly observed The westem painted turtle (Chrysemys picta) and the western plains garter snake 

(Thamnophis radix) are found in and around many of the ponds ( l J  S DOE, 1980) 

0 The bald eagle and the black-footed ferret are the two endangered species which were identified as 

potentially present at Rocky flats Plant by the U S Fish and Wildlife Service Bald eagles are occasi0nai 

ViSitors to the area primarily during migration times However, eagle sightings are rare and lMe suttable habitat 

exists at the Plant. No bald eagle nests have been found on the Plant site Prairie dogs provide the food 

source and habitat for black-footed ferrets Since there are no prairie dog towns in or near the 881 Hillside 

Area, ferrets probably do not exist at Operable Unit No 1 Subsequent to a field visit on June 15,1988, the 

U S Fish and Wildlife Service has concurred wnh these findings (Rockwell International, 1988C) 

1 4  881 H ILLSIDE SITE LOCATIONS AND DESCRIPTIONS 

This RFI/RI Work Plan addresses the 881 Hillside Area located on the south side of the Rocky Flats 

-Rant security area. These sites were designated high priority $es because of their suspected -L. relationship 

to ground-water contamination (U S DOE, 1987a) Several sites are included in the area because of their 

physical proximity to each other Figure 1-5 shows the location of the 881 HPlsMe Area and presents the IHSS 

locations within the area 
0 

I 
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There are 12 sites designated as IHsSs located W i t h  Operable Unlt No. 1 These sites are 

01 Sludge Pit Site (IHSS Ref No 102), 

chemical Burial Site (IHSS Ref No 103). 

IJqdd Dumping Site (IHSS Ref No. 104). 

Outof-service Fuel Oil lank Sites (IHSS Ref Nos. 105 1 and 105 2), 

Outfall Site (IHSS Ref No 108). 

Hillside Oil Leak Site (IHSS Ref No 107), 

Multiple Solvent Spill Sites (IHSS Ref Nos. 119 1 and 119 2), 

Radioactive Site - 800 Area Site #1 (IHSS Ref No 130), 

Sanitary Waste Une Leak Site (IHSS Ref No 145). and 

Building 885 Drum Storage Site (IHSS Ref No 177) 

The srte descriptions presented in the fdlow~ng sections are taken from the Rocky flats Plant CEARP 

Phase I Report (US DOE, 1986), the RCRA Part 6 Operating Permit Applkation (Rockwell International, 

1987c), and the Phase II Remedial investigation Report for High Priority Sites (Rockwell International, 1988a) 

The following descriptions also indude a more recent review of historical aerial photography 

e 

1 4 1 Oil Sludae PR Site (IHSS Ref. No. 1021 

Approximately 30 to 50 drums of oil sludge were emptied Into a pit south of Building 881 in the late 

1950% and the pit was later covered (Rockwell International, 1987c) Based on interviews with Plant personnel, 

the sludge was reportedly cdlected during cleaning of the two No 6 fuel oil tanks south of Building 881 (IHSS 

Ref Nos 105 1 and 105 2) in 1958 (Rockvuell international, 1987c) However, the pit appears to have been in 

existence in 1955 based on aerial photography of the area In the 1955 photos, the 01 sludge pit is located 

approximately 500 feet south of Building 881 and measures approximately 40 feet by 70 feet in dimension The 

pit appears to contain oily liquids, and seepage from the pit is evldent Also apparent on the 1955 photo is a 
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1 4 2  Chem id Burial Site &fSS Ref. No. loa 

An area south of Building 881 was reportedly used to bury unknown chemicals (U S DOE, 1986) 

The exact locath, dates d use. and contents of the srte are unknown Thk site was odg~nally thought to 

be located in the same area as the Oil Sludge Pit Site (Rockwell International, 1987c) However, a pit 

apparently filled wRh IiquM is evMent approximately 150 feet southeast of Building 881 on 1963 aerial 

photographs Thls pit ls roughly circular on the photos and measures approximately 50 feet In diameter 

1 4 3  LiauidDu m m a  Site IHSS Ref No. 104) 

An area east of Building 881 was reportedly used for disposal of unknown llquids and for disposing 

empty drums prior to 1969 (U S DOE, 1986) A pit was reported with plan dimensions of approxhately 50 

by 50 feet based on 1965 aerial photographs (Rockwell International, 1987~) However, further review of 

these historical aerial photos indicates the Mentifled ‘pw may be a shadow on the photo The UquM Dumping 

Pit Site is likely the same location as the Chemical Burlal Site, however, the area originally Mentifled as the 

Uqud Dumping Pit wttl also undergo additional investigation to venfy its absence 

‘ 0  

1 4 4 Out4 Service Fuel Tan k Sites (IHSS Ref Nos 105.1 and 105.2) 

Two out-of-service No 6 fuel OU tanks are located immedlately south of Building 881 (Figure 14)  These 

tanks were used from 1958 through 1976 They were filled wRh asbestoscontaining material and then with 

concrete subsequent to their use (presumably in 1976). (Rockwell International, 1987c) These tanks tested 

tight when they were pressure tested in 1973 (Rockwell International, 1987~) 
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A &-inch dlameter vittffied day pipe outfall Wed south of Building 881 which discharged water in 

December 1977 Previous reports indicated that this was a deanout pipe for an overflow line from the Budding 

881 coding tower (Rockwell International, 1987c) However, review of construction drawings during the 

Phase I1 RI indicated that the pipe is an ovBc(low line from the sanitaty sewer sump in Bulding 887 (Figure 14) 

1 4 6  HHlsldeO II hgak She f IHSS Ref. No. 1071 

In May 1973, an oil leak was discovered on the hillside south of Building 881 The source of the oil 

was believed to be the two No 6 fuel d tanks (IHSSs 105 1 and 105 2) south of the building, however, 

pressure testing of the tanks and assocfated lines in 1973 did not reveal any leaks (Rockwell International, 

1967~) The oil spill was contained with straw, and the straw and soil were removed and disposed of in the 

Present Landfill north of the Plant (RockweU International, 1987c) 0 
It was later discovered that the oil had emerged through the Building 881 footing drain outfall (Figure 

16) A ditch and concrete skimming pond were built below the footing drain outfall to contain the oil (Owen 

and Steward, 1973) These structures are still present, although no oil has been observed in the oulfall since 

1973 (Rockweli International, 1987~) 

1 4 7 Multide Solvent @ill Site IHSS Ref. Nos. 119.1 and 1 19111 

Beginning in 1967, two areas east of Building 881 and along the southern perimeter road were used 

as barrel storage areas The barrels contained unknown quantities and types of solvents and wastes The 

two fac i l~M were expanded between 1967 and 1971, wnh major expansion occurnng in 1989 Barrel storage 

in these areas was discontinued, and all barrels were removed by 1972 The exact types and quantities of 

sofvents stored at this facility are unknown (Rockwell International. 1987c) IHSS 119 1 Is the larger western 

band storage arm, and IHSS I19 2 Is the eastern barrel storage area The site boundaries shown on Figure 

I 

, 

0 



1 4 8  She - 8M) A m  #1 OHSS Ref. NO. 13Q) 

An area east d Bulklkrg 881 and northwest of IHSS 119 1 was used between 1969 and 1972 to dlspose 

of soil and asphalt contaminated with low levels of plutonium The materials at thls she were derived from three 

sources on the Plant slte 

In September 1969 approximately 320 tons [250 cubic yards (Illdey. 1978)J of plutonium-contaminated 

SOU and asphalt were removed from the west side of Bullding 776 and placed on the 881 HillsMe (Owen and 

Steward, 1973) The soil and asphalt were contaminated during the May 1 1,1969, fire in building 776, and had 

an estimated average plutonium activity of 7 4 dWntegrations per minute per gram (dpm/g) [3 36 picoCuries 

per gram (pCt/g)] The totat plutonium concentratbn of this material was estimated to be 14 milligrams (mg) 

[864 microCuries (&I)] (Putzier, 1970) Material from the 1969 fire was buried under one to two feet of fill dirt 

(Owen and Steward, 1973) 

I 

0 

In August 1970, a section of the Central Avenue roadway between Eighth and Tenth Streets was 

removed and placed on the 881 Hillside at IHSS 130 (Owen and Steward, 1973) Thls stretch of road was 

radioactively contaminated in June 1968 by a leaking drum in trans% from the 903 Drum Storage Site to 

I 

I 
I 

Bullding 774 (Owen and Steward, 1973) The exact quantity and radioactivity of the material removed from ~ 

Central Avenue are unknown I 

The third episode of soli disposal at IHSS 130 occurred in 1972 (Owen and Steward, 1973) 

Approximately 60 cubic yards of plutonium-contaminated SOU were removed from around the Building 774 

process waste tanks and placed on the 881 Hillside (Owen and Steward, 1973) The soil was placed on top 

, 
\ I 

I 

of previously deposrted soils at tHSS 130 and covered with approximately three feet of fill dirt (illsley, 1978) I 
The estimated tdal long-lived alpha activity of this sol Is less than 250 dpm/g (llldey, 1978) 



1 4 9  W H S S  &f. No. lw 0 
The four-lnch, cement-asbestos sanitary sewer line W e d  south of Building 881 leaked In January 

1981 An eatthen dike was consmcted to prevent the spdl from entering the South Interceptor Ditch, and 

the line was repaired The line conveyed sanitary wastes to the sanitary treatment plant and did not carry 

hazardous or radioactive materials Conveyance of laundry wastewater, which may have contained low levels 

of radioactbe materials, was discontinued In 1973 (Rockwell International. 1987c) Recent review of Bullding 

881 constnrction drawings lndlcatm that the only sanitary waste Ilnea presently located south of the bullding 

are the six-inch overtlow line from Building 887 (IHSS 106) and an eightfnch vitrified day pipe which runs east- 

west Into Building 887 (Figure 1-6) Presumably, the four-inch, cement-asbestos sewer line was replaced 

subsequent to the waste line leak 

1 4 10 Bundina 885 Drum S toraae Site I IHSSRef No. 177) 

Building 885, immediately south of Building 881, is currently used for satellite collection and 9Oday 

accumulation of RCRA regulated wastes (Figwe 1-6) The building wdl be dosed under RCRA Interim Status 

(40 CFR 265) Complete information on this sne is provided In the RCRA lntenm Status Closure Plan which 

is appended to the revised Post-Closure Care Permit Application for hazardous and radioactive mixed wastes 

at the Rocky flats Plant (Rockwell International, 1988d) Any ground-water contamination from this sne will 

be addressed by the remedial action for Operable Unit No 1 



SECTION 2 

PHASE I AND PHASE II SITE EVALUATION 

' a  

21 881 HlI&$IDE ARFA PREVIOUS INVESllGATlONQ 

Remedial lnvestigations were performed in two phases at the 881 Hillside Area The first phase of 

Investigations began in March 1987, In accordance with the plans presented In U S DOE (1987a and l987b) 

The second phase of field work was performed subsequent to submittal of the draft 881 Hillside Area Phase I 

RI Report and meetings with CDH and EPA to plan further work based on Phase I r~Su l tS  

Objectives of the remedial investigations were to 

0 Verify waste source locations, 

0 cheracterize waste sources, 

0 Characterize site geology and hydrology, 

Determine the presence and extent of ground-water, surface water, and SOU contamination, 

Pwide data to estimate the potential for contaminant migration via the ground-water, surface 
water, and air pathways, and 

0 Support feasibility studies of alternative remedial actions 

The Phase I and Phase Ii field programs consisted of 

Preparation of detailed topographic slte maps. 

Radiometric and organic vapor screening surveys, 

Geophysical surveys using electromagnetometry, resisthrit)c, magnetometry, and metal detection, 

Soll gas sampling using the Petrex method, 

DrPling, sampling, and chemical analyses of subsurface soils from 17 Phase I boreholes and 6 
Phase II boreholes (Figure &I), 

Imtailation of 4 alluvial wells and 3 bedrock wells during Phase I drilling and 11 alluvlal wells and 
1 bedrock well during Phase II drilling (Figure 2-1), 

Packer testing of cored bedrock wells, 

Slug testing on all new wells containing sufficient water for testing, 

, 
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0 hde pumpbro &8C8 d wellr 2-81 and 4-87, 

0 Quarterlysampling and mdysh of ground water fromail 1986 wells (uptoflve quarters of data) 

Surface water sampling and analysis from Stationrr along Woman Creek and the South 

Bedload sediment sampling and analysis in Woman Creek 

and 1987Wells (In general, two samplesfor Phase I wia and one sample for Phase I1 wells) 
In the study a m  kr addltion to dderwellswMdr had shown contamination in the past, 

Interceptor DIM, as well as from seeps and springs located In the area, and 
0 

0 

In addition to the RI actMtles at the 881 Hfllsfde Area, several monitor wells were installed as part of 

a Plant-wkie hydrogeologic investigation in 1986 (Rockwell IrdemaW, 19868) Surface water, sdl, and air I 
samples have also been collected at these areas as part of variow investigations, ground-water sampling has 

been conducted in the area on a quartetiy basis since the Phase II RI, and surface water sampling was 

conducted monthly in 1989 Section 2 2 presents results of the prevlous Rls and a brief characterization of 

each contaminant migration pathway at the 881 Hillside Area The nature and extent of contamination 

associated with these pathways Is discussed in Section 2 3 Sectlon 3 discusses the need for and objectives 

of the Phase 111 RFI/RI 

1 

2 2 SITE CONCFPTUAL MOD& 

A site-specrfic conceptual model of the 881 Hillside Area has been developed based on previous 

investigations This model describes contaminant sources and pathways through which contaminant transport 

may occur from these areas 

1 

Surficlal materials at the 881 Hillside Area consist of the Rocky Flats Allwium, cdlwium, valley fill 

alluvium, and artMcW fill unconformabfy overlying bedrock in addition, there are a few isdated exposures of 

claystone bedrock Figure 2-2 presents the distribution of surficlal materials The study area is located on the 

south-faclng hillside which slopes down from the Rocky flats terrace toward Woman Creek on the south side 

of the Plant Rocky flats Alluvium caps the top of the slope, and cdlwium covers the hillside ArtMcial1 and 

I 

I 

I i  

I 
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dlsturbed surfichl materials are present around Bullding 881 and south of the hading to the South Interceptor 

Ditch ArtMchl fill overiies cdlwium at IHSS 130, and surficial materials are disturbed in the vicinity of IHSSs 

1 19 1 and 119 2 Valley fill alluvium present along the drainage of Woman Creek south of the 881 Hillside 

Area, and terrace alluvium occurs on the north sMe of the Woman Creek valley fill alluvium 

Rockv flats Alluvim 

The Quaternary Rocky flats Alluvium is the oldest and topographically highest allwial deposit at the 

Rocky flats Plant (Scott, 1965) The Rocky flats Allwium is a series of coalescing ah la l  fans deposited by 

braided streams (Hurr, 1976) The erosional surface (pediment) on which the alluvium was deposited slopes 

gently eastward truncating the Fox Hills Sandstone, the Laramie Formation. and the Arapahoe Formation at 

the Rocky Flats Plant 

After deposttion of the Rocky Flats Alluvium, eastward flowing streams began dlssecting the depostt 

by headward erosion and lateral planation All of the allwium was removed by erosion in the Woman Creek 

dralnage south of the 881 Hillside Area and In the South Walnut Creek drainage to the north The result Is a 

terrace of Rocky flats Alluvlum extending eastward from the Plant between the two drainages This terrace 

forms the crest of the 881 Hillside Area 

0 

Colluvium 

Colluvial materials are present on the hillside below the Rocky Rats tenace east of BuUding 881 and 

extend south to the Woman Creek drainage (Figure 2-2) These materds are deposited by dope wash and 

downslope creep of Rocky flats Alluvium and bedrock Colluvium ranges from two feet (BH16-87) to twenty- 

two (well 62-86) feet in thickness I 

Colluvial materials on the 881 HillsMe have been disturbed by construction of Building 881, various 

excavation activities associated wrth the IHSSs, and construction of the South Interceptor Ditch These areas 

are shown as disturbed ground on Figure 2-2 Wdhin IHSSs 119 1 and 119 2, shallow excavation took place 

to construct roadways and to provide level drum storage areas Colluvium is also disturbed south of Building 
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881 In the wcinity of IHSSs 106 and 107 This area was excavated during construction of the skimmlng pond 

in 1972 Finally, colluvium was excavated along the South Interceptor Ditch during tts construction fram 1979 , 0 
to 1981 

Colluvium is undisturbed on the hillside south of IHSSs 130,119 1, and 119 2 and south of the penmeter 

road The collwium is thickest in the north-south trending swales draining the 881 Hillside (wells 4-87 and 

6-87) and thinnest over the intervening ridges (wells 48-87, 49-87, and 50-87) Cdluvium consists 

predominantly of day wrth common occurrences of sandy day and gravel layers 

Gravel layers are present In colluvial materials both unconformably overlying bedrock and near the 

surface These gravels are likely deposrted in a south (downslope) direction by creep and slope wash erosion 

of the Rocky flats Alluvium and can be expected to be elongated In the north-south direction with a rather 

limited extent in the east-west direction The gravel layers range from 1 3 feet (wells 4347,6246, and 69-86) 

to 5 5 feet (well 59-86) In thickness cdluvhl gravel deposits can be correlated between some of the wells and 

boreholes For example, the basal gravel In well 59-86 can be traced to wells 6486 and 8-87 Sand and 

gravel layers in well 43-87 can also be correlated wlth sand and gravel layers in well 4-87 (Figure 2-3) 
0 

Terrace Allwium 

A Quaternary terrace alluvium is present on the north side of the Woman Creek valley fill alluvium This 

terrace is approximately five to ten feet above the present stream level indicating that it is probably Hdocene 

in age (Scott, 1960) The thickness of the deposlt ranges from approximately three (well 58-86) to seven (well 

55-87) feet The terrace allwlum is composed of very poorly sorted gravelly sand 

Vallev Fill Allwiurq 

The most recent alluvlal deposit in the 881 Hillside Area is the valley fill alluvium along Woman Creek 

This alluvium is derived from reworked and redeposlted older aliwiums and bedrock Alluvium thickness 

ranges from approximately six feet (well 68-86) to nine feet (well 64-86) The unconsolidated valley fill alluvium 0 I 
conslsts of generally sorted, angular to subrounded granite and quartzite cobbles, pebbles, and gravels in a I 

silty sand mat& I 

I 
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There are two types of artificial fill on the 881 Hillside (Figure 2-2) derhred from separate ~OUTCBS. The 

first is fill material derived from excavaUcm of the Building 881 foudatkn. and the second is sod placed at 

IHSS 130 (SecuOn 1 48) 

Materiel excavated for the Buildlng 881 foundation was spred over a large area generally south of the 

building The very poorly sorted and unconsdldsted artifldal RID was derhred from Rocky flat Allwium, 

colluvium, and daystone bedrock it is predominantly composed of sandy clay with 801118 gravelly zones 

Soils placed at IHSS 130 comprise the second type of artkial fill It consists of clayey sand wdh 

subanguiar quartzite cobbles Asphalt was also encountered from 0 to 2 75 feet in BH11-87 The fill at IHSS 

130 overlies natural cdluvbl materials In borehole BH11-87, appmdmatdy five feet of flll are present, with fill 

thickness increasing to approximately ten feet In BH10-87 The artdkiai fill at IHSS 130 was unsaturated 

during the Phase I1 RI drilling program 
I. 

I 

2 2 1 2 Bedrock Geology 

The Cretaceous Arapahoe Formation underlies surflchl matenals at the 881 Hillside Area The bedrock 

beneath the 881 Hillslde consists of daystones with interbedded lenticular sandstones, siltstones, and 

occasional minor iignrte deposits The bedrock sediments were deposited by meandering and braided streams 

flowing generally from west to east off the Front Range (Welmer. 1973) Sandstones were deposited in stream 

channels and as overbank splays, daystones were deposited in back swamp and floodplain areas Leaf 

fossils, organic matter, and lignite beds were encountered wrthin the daystones during drilling at the 881 

Hillside Contacts between various lithdogles are both gradational and sharp Based on preliminary results 

of the ongoing high resolution setsmic reflectlon program at Rocky flats Plant, bedrock in the 881 Hillside Area 

is dipping less than two degrees to the east The seismic investigation along with the gdogic characterization 

provide strong evidence that some sandstones at the Plant are quite continuous. Further determination of the 

I 

sandstones' extent is necessary 
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Arapahoe Formath claystone was the most ttequerwy encountered Itthology immediately belaw the 

alluvium/bedrock contact. cfaystones are generally thinly bedded and contain OCC(WlOnB( laminae and 

interbeds of finegrained sand and silt (wells 347,4567, and 4747) Intends d carbonaceous material and 

fossils (mainly plant fragments and leaves) are also common in the daystones. 

Weathered bedrock was encountered directly beneath surfidal materials br aH of the boreholes and 

wells, and weathering appears to penetrate between approximately two (borehde BH16-87) and 60 feet (well 

62-86) into bedrock Qaystone in the weathered zone are generally consolidated and exhibit blocky structure, 

while sandstones in the weathered zone are typically friable iron oxide staining and concretions along with 

caliche are characteristic of the zone The weathered daystone is also characterized by miid fracturing and 

slightly higher hydraulic conductMties than unweathered daystone In well 5-87 and abandoned hde 7-874 

daystone was mildly fractured from the alluvium/ bedrock contact to depths of approximately 46 and 26 feet, 

respectively A 45 degree fracture was also identified in weathered daystone in well 8-87 at a depth of 

approximately 54 feet. The geometric mean of hydraulic conductMtieS based on three packer tests In well 5-87 

was 7 x 10” centimeters per second (cm/s) or o 7 feet per year (ft/yr) The range for that weii was 2 x 

lo’’ cm/s to 2 x cm/s A packer test in weathered claystone in well 8-87 also yielded a hydraulic 

conductivity value of 7 x io-’ cm/s 

Unweathered bedrock occurs between 37 7 (well 8-87) and 56 feet (well 3-87) below ground surface 

The unweathered daystones are typically darker gray than weathered daystone and have little mottling They 

are also more consolidated than weathered claystones and exhibit little to no fracturing The geometric mean 

hydraulic conductivity of unweathered daystones beneath the 881 Hillside is 1 x lo-’ cm/s, or 0 26 ft/yr based 

on packer tests in wells 3-87, 8-87, and 45-87 

ndstones 

Arapahoe Formation sandstones were encountered beneath the 881 Hillside in hdes 59-86,62-86,3-87, 

587,687A. 7-87A. 8-87, and 45-87 These sandstones are generally composed of well sorted, subrounded 
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Sandstones encountered R holes 587,6474 7-874 and 8-87 are weathered Weathered sandstones 

ranged from dive gray to moderate yellowish brown In color with brown, orange, and yellow Iron oxide 

stalnlng Weathered sandstones were described as being friable and bri#le Based on packer tests In well 547, 

weathered sandstone had a mean hydraullc condudMty d 3 9 x lo-’ cm/s. Unweathered sandstones are 

lithologically similar to the weathered sandstones and were found In wells 45-87 and 3-87, at 89 5 feet and 103 

feet, respectively Unweathered sandstones are generally medium dark gray to pale dlve in &or wah 

infrequent staining of brown and yellows The deeper unweathered sandstones are generally more 

consdidated than weathered sandstone Based on packer tests in well 3-87, unweathered sandstones had a 

mean hydraulic conducthttty of 1 2  x io” cm/sec The orientation, geometry, and extent of bedrock 

sandstones at the 881 HillsMe are not well defined at this time A high resolution seismic reflection program 

and a Plant-wide geologic characterization are ongoing to better characterize bedrock stratigraphy 

, e 
A saturated lignite bed was encountered from approximately 85 to 88 feet below ground surface in well 

8-87 and between approximately 87 8 to 88 1 feet below ground surface in well 387 Very carbonaceous-rich 

claystones occur frequently in this stratigraphic horizon Based on a two degree dip of the bedrock, the two 

Ilgnlte layers correlate and are presumably continuous 

222 yvd roaeoloqy 

t 

I 
Unconfined ground-water flow occurs In surficial materials and subcropping sandstones In addition, 

subcropping claystone may be saturated In some locatlons Confined ground-water flow occurs in deeper 

sandstone units 
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222.1 UnconfhredAOw~m 0 
Ground water is present In the Rocky Flats Alluvium, cdluvkrm, valley fill dluvlum, and subcropping 

sandstones under uncmfhd condith Recharge to the water table occurs as Infiltration d incident 

precipitation and as seepage from ditches and creeks. In additkn, retenth ponds dong Woman Creek llkely 

recharge the valley fill alluvium 

The shallow ground-water flow system Is quite dynamk, with laqp water level changes:- in 

response to precipftatbn events and stream and ditch flow Allwlal water levels are highest duririg the spring 

and early summer months of May and June Water levds decline during late summer and fall, and some wells 

I 

? 

go dry at this time of year 

There is a strong downward gradient between ground water in surfichl materials and bedrock Vertical 

gradient data are provided in the RI report (Rockwell Internattonal, 1988a) calculated vertlcal gradients ranging 

from about 0 3 to 2 ft/ft indicate a hydraulic potential for downward flow a 
und-Water flow DlrectlQlls 

Figures 24,2-5,2-6, and 2-7 depict the water taMe in surficbl materials in January, May, August, and 

October 1989, respectively Ground water flows from the Rocky flats Alluvium at the top of the 881 Hillside 

generally southeast through colluvial materials toward Woman Creek At the Rocky Flats pediment edges, 

ground water emerges as seeps and springs at the contact between the aliwium and claystone bedrock 

(contact seeps), is consumed by evapotranspiration, or flows through colluvial materials following topography 

toward the valley fill and terrace alluviums Flow through colluvial materials appears to primarily occur in the 

gravel within the collwium AvallaMe water level data for well 4787 indicate that ground wapr Is Wow the 

base of the South Interceptor Ditch (Figure 2-3). although there could be discharge to the ditch during wet 

periods Once ground water reaches the valley, it either flows down-valley in the alluvium (easterly), is 

consumed by evapotranspiration, or discharges to Woman Creek Durlng the driest portions of the year, 

evapotranspiration can result in no flow in either the cdlwlum or the valley fill alluvium 0 
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Hydraulk ~0nductMty val~ea ww calculated fOr SWkM materlalS based results of drawdown- 

recovery tests performed on 1986 wells during the initlal site characterization (Rockwell International, 19868) 

and on results of baddown/recovery and single well pumping tests performed on select 1986 and 1987 wells 

during remedhl Investigations (Rockwell International, 1987a. 1- and 1989a) 

Hydraulic conductfvtty values are available for three wells completed in colluvium at the 881 HlllsMe, 

two are completed in gravel layers (wells 69-86 and 4-87) and one Is completed in sandy day (well 247) The 

test results indicate hydraulic conductivities of 9 x lo-' cm/s and 7 x lo-' cm/s for the gravel layers and 4 x 

lo-' cm/s for the sandy clay Using the maximum hydraulic conductivw value of 9 x 10'' cm/s, a gradient 

of 0 15 for cdluvhl materials at the hillside, and an assumed effective porosity of 0 1, the maximum possible 

ground-water velocity through cdluviai materials Is approximately 1,400 ft/yr Using the geometric mean 

hydraulic conductivtty of 1 x lo-' cm/s, a gradient of 0 15, and an effective porosQ of 0 1, the mean ground- 

water veiocny through colluvium IS approximately 155 ft/yr Volatile organic contaminants from IHSSs 119 1 

and 130, based on chemical data presented in Section 2 3, have not yet reached well 47-87 due to attenuation 

mechanisms in the area (That well was usually dry, but the samples that were obtained did not contain volatile 

organic concentrations above detection limit ) Those data will be verified In Phase ill, but current evidence 

suggests that organic contaminants in ground water from IHSS 119 1 have moved less than 200 feet in 15 to 

18 years (11 to 13 fC/yr) Thk represents an estimate of organic contaminant migration rate, induding the 

effects of retardation and attenuation, not ground-water flow rate There is one report of PCE [&I rg/f - 
estimated below detection limit and flagged 'A' (accepted wlth qualffications)] at well 64-86 That is insufficient 

to demonstrate contamination at that easterly location 

0 

Once ground water reaches the creek drainage, It travels Whin the alluvium east toward the proflew 

boundary at Indiana Street Row in the alluvium occurs In response to infntratlon events, and the saturated 

thickness decreases following the event by down-valley flow and evapotranspiration High evaporathre losses 

have been noted repeatedly in investigations of the valley fill alluvium Hun (1976) notes that as much as 0 25 

cubic feet per second were lost to evapotranspiration along Woman Creek during the period July to September, 

I '  
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1974 In addkbn, both Rockwd Intematkt\al(1987c) and the DOE (I-) Comment on 

losses from the valley fill alluvium, bgsed on water level records. 

Based on evaluation of slug and drawdown/recovery tests, the Woman Creek valley fill alluvium has 

a geometric mean hydraulic conductMty of 1 5 x lo-’ cm/s (1,035 ft/yr) and a maximum conductMty of 3 x 

10’’ cm/s (3,100 ft/yr) A hydraulic gradient of 0 021 was estimated from the grade of the alluvium base, and 

an assumed effective porosity of 0 1 was used to calculate flow velocity The resuiting ground-water flow 

velocity ranges from 326 to 650 ft/yr using the geometric mean and maximum hydraulic conductMty values. 

The Inference that the ground water flows only three quarters of the year Is based on water level data 

from wells completed in Woman Creek alluvium Six of the nine wells completed in the Woman Creek alluvium 

have been dry during at least some portion of the year since their installation The Phase I1 RI report (Rockwell 

International, 1988a) presents water level data which show that the valley fill alluvium Is dry at wells 1-86.6446, 

and 66-86 from about June to October (three months) Because the alluvium is not saturated for the full year, 

a dissolved constituent travels only a portion of this distance each year Thus, a solute particle would travel 

approximately 160 to 490 feet In valley fill alluvium during a year based on the average and maximum hydraulic 

conducthrhyvalues Section 5 discusses additional hydraulic testing to estimate hydraulic conductivitles as well 

as dispersion coefficients 

, 0 

2 2 2 2 Confined Ground-water Row System 

The greatest potential for ground-water flow in the Arapahoe Formation occurs in the sandstones 

contained within the ciaystones Ground-water recharge to sandstones occurs as infiltration from alluvial 

ground water where sandstones subcrop beneath the alluvium and by leakage from claystones wedying the 

sandstones I 

I 

Following Robson et ai ( tala), flow wtthin individual sandstones is assumed to be from west to east, 

but the geometry of the bedrock ground-water flow path is not fully understood at this time due to its 

dependence upon the continuRy of the sandstones and their hydraulic Interconnection Evaluation of the lateral 

I 

r 

, 
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eoderrt and degrw of IntercOMectkn d the (I(MdzltDne unlta b a primary god d an orrodng program d 

profiling the Ampahoe Formaslon through drinlng and the high resolution Seismic reflectkm studles. 0 

Hydraulic conductivityvalues for sandstones were estimated from drawdown-recovery tests performed 

in 1986, slug tests performed in 1987, and packer tests performed in 1986 and 1987 (Rockwell Intemetional, 

1988a) Drawdown-recovery test results for wells 5946,6286, and 5-87 in weathered sandstone were 3 x 

lo'* cm/s, 3 x lo-' cm/s, and 7 x io-6 cm/s with a geometric mean of 9 x cm/s The varlabillty of mutts 

for sandstones is teasonable given their variable silt content Slug and packer tests typically yielded lower 

hydraulic condudhrity values sandstone in wells 6286 and 5-87 had values d 8 x lo-' cm/s to 7 x cm/s 

based on slug tests, and sandstone in wells 3-87 and 5-87 had values of 2 x 10'' cm/s and 1 x lo-' cm/s 

based on packer tests 

2 2 3  SurfaceWate r Hvdroiogy 

2 2 3 1 Woman Creek 0 
Woman Creek is located south of the 881 Hillside Area with its headwaters in largely undisturbed Rocky 

Flats Alluvium Runoff from the southern part of the Plant is collected In the South Interceptor Ditch located 

due north of the creek and delivered to Pond C-2 Pond C-1 (upstream of C-2) receives stream flow from 

Woman Creek The discharge from Pond C-1 is diverted around Pond C-2 into the Woman Creek channel 

downstream Water in Pond C-2 is discharged to Woman Creek in accordance with the Plant NPDES permit 

(discharge point 007) 

flow in Woman Creek and the South Interceptor Ditch is intermittent, appearing and disappearing along 

various reaches During the 1986 inttial site characterizatiOn, measurable flow occurred at less than one-half 

of the ten stations located along Woman Creek and the South Interceptor Ditch (Rockwell International, 1986e) 

All recorded flows, measured at the time of quarterly sampling events, were less than ten gallons per minute 

During the 1986 and 1987 investigations, there was no surface flow in Woman Creek downstream of Pond C- 

2 The intermittent surface water flow observed for Woman Creek and the South Interceptor Ditch is indicative 

of frequent interaction with the shallow ground-water system 
0 
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2.3 m m O F C -  0 
2 3 1 Backam- C- 

In order to facilitate the interpretation of chemical results In non-background areas, a background 

characterization program has been implemented to define the spatial and temporal variability of naturally 

occurnng constituents A plan was completed in January 1989 (Rockwell International, 1989c), field work was 

conducted, and a draft Background Geochemical Characterizahion Report was prepmd and submitted to the 

regulatory agencies in December 1989 (Rockweti international, 1989d) The document summarizes the 

background data for ground water, surface water, sediments, and geologic materials, and IdentMes preliminary 

statistical boundaries of background variability Spatial vanations in the chemistry of geologic materials and 

water were addressed by placing sample locations throughout background areas at the Plant The goal of 

evaluating temporal variations in water chemistty has not yet been achieved because at least two yearn of 

quarterly data are needed The draft report is undergoing revidon by incorporation of additional analytical data, 

however, the information in the draft Background Geochemical Report has been used to prelimlnarily 

characterize inorganic contamination at the 881 Hillside Area. The revised report will also address evaluation 

of outliers and the method of determining tolerance intervals for radionuclides 

0 

The boundaries of background vanability were quanttfied through the calculation of tolerance intervals 

assuming a normal distribution Assumptions and statistical analyses of the background tolerance intervals 

are presented in Rockwell lnternatlonal (19894) The upper limit of the tolerance intenml or the maximum 

detected value for each parameter analyzed in background ground-water, surface water, sediment, and 

geologic samples are provided in Tables 2-1 through 2-4, respecthrely Maximum detected values are provided 

where there were insufficient data to calculate tolerance intervals This condition resulted from either an 

insufficient number of samples, or ‘an insufficient number of detectable concentrations for a glven analyte 

Background sampies were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound Ust 

(TCL) organics, because the background areas are outside o f  potentially contaminated areas 

‘ 0  To assess the presence of inorganic contamination at the 881 Hillside Area, sksspecdlc chemical data 

are compared to the background tolerance intervals or the maxwnum detected value if a tolerance interval could 
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2 3 2  

Phases I and II of the RI for Operable Unit No 1 focused on source characterkatlon of preliminarily 

identified past waste disposal sites Soil samples were cdlected from Rocky Flats Alluvium, cdiuvium, and 

weathered daystone in 1987 in order to characterize the iHSSs. Figure 2-1 shows Phase I and II RI borehde 

sampling locations These soil samples were analyzed for the parameters listed in Table 2-5 Table 2 6  lists 

881 Hillside borehole sampling information including sample depths, material sampled, and target IHSSs. SOU 

sampling results are presented in Appendix A 

2 3 2 1 Vdatfle Organic Compounds 0 
Volatile organics data for sods previously cdlected from the 881 Hilldde Area have been rejected during 

the data validation process pnmaniy due to inadequate sample size Although these data cannot be used to 

quantitatlvely determine the extent of volatile organics contamination in this area, they are summarized here 

because they provide a quaiitatwe indication of the spatlal distnbution of organic contamination in the soils and 

the relative magndude of the contamination Future analyses Hnli provide quantitative data 

Methylene chloride, acetone, and phthalates were generally ubiquitous contaminants in the 881 Hillside 

SOU samples There has been considerable debate as to whether they are truly contaminants of the soils 

,Although methylene chloride and acetone were in many of the laboratory blanks, the use of an inappropnately 

small sample aliquot for soil analysis prevents conclusions as to whether these organics are contaminants of 

the soil The phthalate contarnination may have resuited from sample handling although no testing has been 

performed to venfy this hypothesis, and some phthalate levels are high Other evidence that supports the 

contention of laboratory artifact includes the absence or infrequent occurrence of methylene chloride and 

acetone in ground water (these contaminants are very mobile and soluble), and the presence of phthalates in I 

J.t - r  
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Other netah 
Chranirn (hexavalent) 
chrariu (trtvalmt) 
Lithiun 
St rant im 

ORGWIICS 
iiazrrdour Substances L ist  -- Volrtiler 

Chloromethane 
Brommetham 
vtnyl Chloride 
Chlorocthem 
Methylene Chloride 
Acetone 
Carbon Oirulf ide 
1,l -Di &loroath- 
1,l-OtchlorOeth~ 
tram- 1,2-Dfchlorocthm 
Chloroform 
1 ,t-Oichlorocthane 
2-BUtanOm 
1 ,l, 1 -1rtchloroathane 
Carbar letrrchloride 
V i n y l  Acetate 
Bramdichloranathw 
1,1,2,2-1etrachlorocthac 
1 ,t-DichloroprofMne 
trans- 1 , 3 - D i c h l o r o p r ~  
Trichlorocthen 
Dibrolwchloranethane 
1,1,2-Trtchloroeth- 
B e r u m  
cir-l,3-Dichloropropcna 
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Hatardour Subrtnt.r CISt -- Sd-VOhtf 1W 
N-Nl trwodirthylamin 
Phenol 
Ani 1 i m  
bir(2-Chlorocthyl )ather 
2-Chlorophenol 
1 ,S-Dichlorobanrcna 
1,4-Dichloroknzm 
Benzyl Alcohol 
1,2-01 chi oroknrwn 
2-Mthylph~d 
blr(Z-Chlorofropropy1 )ether 
S-bthylph~d 
w-wi trora-Dipropyl#ine 
Hexrhlaroethw 
witraknran 
1 rophorom 
2-Yi troph.nol 
2,4-Df~thylph~l 
Benzoic Acid 
bir(2-Chloroathoxy)ntha~ 
2,s-0 i ch l ~ o p h ~ W  
1,2,4-Tr ich Loroknrm 
N*talw 
4-Chloroanilin 
Heuch lorokrtadi em 
4-Chloro-3-arcthylphcnol (per.-chloro-~ta-cresol) 
2-l(athylnrphthalene 
HexKhl orocycl opentdi em 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Ch loron@thalene 
2-Hi troani 1 i n  
Dimethyl Phthalate 
Acenaph thy Lem 
3-Nitroantline 
Acenaphthene 
2.4-Oini trophenol 
4-Ni tr@enol 
D ibenzof wan 
2.4-Dini trotoluene 
2.6-Dini trotolwn 
Diethylphthalate 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-Nitrmi ti- 
4,6-0ini tro-2-methylphenol 
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Hatardou Substanen List -- Semi-Volatiln (Continued) 
Y-ni trosodiphenylamine 
4-Bramo@wnyl Phenyl ether 
Heuehlorobenzem 
P.ntuhLOrophn0~ 
Phenanthrene 
Anthracan 
D i -n- butyl ph t ha L ate 
Fluwanthate 
Bmzidirw 
PVr- 
Butyl B a w l  Phthalate 
3,s' -Dichloroknridine 
Blluo(a)anthr.term 
bir(2-ethyLhexyL )phthalate 
Chrysene 
Di-n-octyL Phthalate 
Benzo(b)f luornthene 
Banro(k)f luornthene 
Banroc 8)pyrene 
Indeno(l,2,3-cd)pyrm 
Diknr(a,h)anthracene 
Benzo(g,h, i)perylene 

alpha-BHC 
beta-BHC 
del ta-BHC 
g m - B H C  (Lidme) 
Heptach Lor 
Aldrin 
Heptachlor Epoxide 
EdO8UlfM I 
D ieldr in 
4,4l -DOE 
Endr I n 
Endosulfan I 1  
4,4@-DDD 
Endrin Aldehyde 
Endorutfan Sulfate 
4,4' -DOT 
Endrin Ketone 
Methoxych lor 
ChlOfdOlW 
Toxaphene 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 

Hazardour Substances List -- Pesticidcr/PCBS 

Other Organics 
Oil and Grease 
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l w I M I D L I  
fir088 Alpha 
Grou seta 
U r n i u  -234, 235 ud 238 
h r i d u  241 
Plutoniu  u9+240 
Strontiu, w 4 90 
ces iu  137 
t r i t iu  
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Vdatile chlorinated hydrocarbon contamination is apparently not extensive It occurred in sods from 

only 3 of the 23 boreholes (BHOl-87 (IHSSs 107 and 177). BH57-87 (IHSS 119 l), and BH58-87 (IHSS 119 2)] 

The highest concentrations detected were tettachloroethene (PCE) at 190 micrograms per kilogram (ug/kg) 

in BHOl-87, trichloraethene (TCE) at lsOm/kg In BH5747, and l , l , l - t~oethaf?a (l,l,l-TcA) at 110rg/kg 

in BH57-87 Much lower cmcentmtlons (below or near detection limit) were reported for BH14-87 (ICE), 

8H12-87 (PCE) and BH61-87 (l,l,l-TCA) 

Boreholes wdl be dnlled and samples collected from all IHSSs for organic analysis during the Phase 

111 RFljRl An objectnre of this program will be to determine whether methylene chloride, acetone, and 

phthalates are soil contarninants Other objectives indude venflcation of IHSS locations, assessment of the 

vertical and horizontal distribution of organic contamination, and identification of maximum concentrations of 

contaminants in suspected 'hot spots' 

2 3 2 2  Metals 

in general, metal concentrations in sod samples from Rocky Flats Alluvium, cdluvium, and claystone 

were wdhin background levels Trace metals which occurred above background in these three materials 

indude antimony (3%). arsenic (30%), mercury (6%). cadmium (61%). manganese (l%), and barium (7%) 

Parentheses indicate the percent of the samples exceeding the background range The metal data do not 

demonstrate gradients away from spec& IHSSs These generally low concentrations of metals above 

background and their random spatial distribution does not suggest these metals represent contaminants The 

metals which do exceed background are typically very close to the estimated background levels Arsenic and 

cadmium are possible exceptions, reaching m m a  of 24 mliligrams per kilogram (mg/kg) and 6 4 mg/kg, 

respectrvd y 

I 
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2.323 Radlonudidecl 0 
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RadJonudldes are analyzed by counting subgtomlc pertrCre emisskns, wftkh is a random functlon 

Slnce radioactive disintegration is a statistical process and therefore has a probability distribution, results are 

reported as a measLged value with an associated two standard devlatlon pmpagated emf term fdlowkyl the 

measured value Computation of tolerance intervals for radionudides did not account for the error term 

associated with 8ach datum. Techntques are under knregtigatlon to accomt for propagation of error r W n g  

from computation For the purposes of this plan, the boundaries of the W g r a v d  varlablllty for radionuclides 

will be the tolerance intervals as computed In the draft Background Geodremlcal CharacteritatJon Report Site 

radionuclide concentrations where the error term is larger than the measured value are below the minimum 

detectable activity (MDA) and are considered not statistically ddferent ftom background Measured values 

which do exceed their associated counting errors are considered above background tf they are greater than 

the upper limit of the tolerance interval Because this comparison does not account for the propagated error 

associated with the upper limit d the background tolerance interval, this yidds consenmthre interprstation of 

the site data it Is elso noted that the upper limits of the tolerance intends are similar in magnitude to the 

maximum concentration obsewed for the data set. 
a 

Table 2-7 presents the percent of samples for each radionuclide detected above background at the 

surface and in the subsurface However, samples were composited over Varying depths so the reported values 

are not representathre of a thin surface veneer alone Plutonium and americium were only detected above 

background in surface SODS (the d m u m  concentrations of 0 91 t 038 W / g  and 0 15 t 0 13 pCi/g, 

respectively, were diluted by composning) This contamination is probably derived from the 903 Pad Area by 

wind dissemination of plutonium/americium contaminated dust More recently collected data for plutonium, 

I uranium 238, and uranium 233 + 234 concentrations in surface scrape samples are presented in Table 2-8 

(U S DOE, 1990~) Sample locations are shown in Figure 2-8 Plutonium concentrations were as high as 4,8 

*i/g in surface soils at the 881 Hillside Area These concentrations are typical of surface plutonium 

concentrations in this vicinity and to the east within the Plant boundary (Rockwell international, 1987b) High 

uranium concentrations occurred in Samples 16 through 19 Uranium which fs used at the Rocky Rats Plant 

is depleted in uranium 233 and uranium 234, and therefore has a uranium 233 t 234 to uranium 238 activity 

ratio of less than one The ratio for natural uranium Is greater than one The uranium isotope ratios for these 
~ 

* 
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PERCENT OF SOIL SAMPLES WlTH RADIONUCUDES ABOVE BACKGROUND 

I "  
' i  

Uranium Uotal) 

Plutonlum 239 + 240 

Americium 241 

Ceslum 137 

Tritium 

Percent of Surface' 

6 

11 

6 

17 

6 

Petcent of subsurface - 
6 

0 

0 

7 

3 

*This tabulation represents 8 minimum number of samples that had radionudMes above background because 
0 

the surface soil samples were composites of thick (up to several feet) upper intervals 
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TABLE 2-8 

881 HlUlDE 1988 SURFACE SCRAPE W P U N G  RESULTS 

RADIONUCLIDE CONCENTRATION IN pCi/g 

Sample No Uranium233 + 234 Uranium238 Plutonium 

881 -1 
881 -2 
881-3 
881-4 
881 -5 
881-6 
881 -7 
8814 
881 -9 
881-10 
881-11 
881-12 
881-13 
881 -1 4 
881 -1 5 0 881-16 
881-17 
881-18 
881-19 

0 Si0 26 
0 mi0 26 
0 a i 0  26 
10&3 
0 8610 26 
1 5 0 3  
0 74i0 26 
0 86rO 26 
3 lrO3 
1 l i 0 3  
1 OiO3 
0 93i0 26 
0 94tO 26 
11tO3 
2 Or0 3 
50r190 
1474 
60t230 
1 Oi7# 

Oh015 
086i015 
0 91r0 15 
0 97tO 2 
0 88iO 15 
5 5t0 5 
0 7520 15 
0 82i0 15 
1 Or02 
0 98ro 2 
1 3r02 
1 4i0 2 
1 3i02 
1 or02 
1 5t0 16 
1300t100 
mi70 
3000i300 
550t60 

4&05 
2442 
48&5 
018&006 
059ioo08 
2 2ro 2 
0 63io 09 
1 8i02 
0 47i0 006 
3 5iO 4 
2 6iO 3 
0 490 06 
016iO06 
3 OiO 4 
0 O l i o  06 
0 3tO 06 
0 mi0 19 
0 42rO 08 
0 mi0 06 

Data from U S DOE, 1990b 

e 



Referrlng again to Table 2-7, uranium, cesium, and tritlum occw infrequently above background In both 

surface and subsurface samples. None of these results exceeded background by more than a factor of two 

above the upper tolerance interval, but the results do not represent the 1Ne surface concentrations because 

the samples were composited over depth The uranium 233 + 234 to ucankltn 238 activity ratios are greater 

than one for most of Samples 1-15 Indicating the natural uranium, but Samples 612, and 13 indicate possible 

mking wrth depleted uranium. 

An Independent assessment of crrticality safety at Rocky flats Plant conducted by Scientech, Inc , found 

no evidence of a cntlcality at the Rocky Flats Plant (U S DOE. 1989) This study noted that the levels of 

cesium 137 acthrity in the Rocky Flats area are in the range of 0 3 to 0 6 pCl/g averaged over a soil depth of 

SIX centimeten based on a July 1989 aerial radiological survey of the Plant (U S DOE, 1989) These values 

are consistent with world-wide fallout levels, and there Is no Indication of cesium 137 deposition due to Rocky 

Flats Plant operations (U S DOE, 1989) 
0 

2 3 3 Ground Water 

Ground water at the 881 Hillside occurs in surfichl materhls (Rocky flats Allmum, collwium, valley 

fill alluvium), and in weathered and unweathered bedrock The most signMcant contamination is in suMcial 

materials, but weathered bedrock is hydraulically connected to the surface materials and therefore part of the 

contaminated, unconfined flow system Unweathered bedrock is conddered part of the confined system The 

discussion of ground-water quallty addresses two groups of relatively dosely-spaced IHSSs A western group 

includes IHSSs 102,103,105,106, 107,145, and 177 The eastern portion of the 881 Hillside indudes IHSSs 

1191, 1192 and 130 

Eight monitor wells were completed in surfichl materials downgradient of IHSSs 102,103,105,106,107, 

145 and 177 (5187,5287, 58-86, 69-86, 287,5387, 5487 and 59-86R) Wells 187 and 68-86 were initially 

considered upgradient of these IHSSs, but water level and chemical data suggest that well 1-87 may be 

OCTOBER 1990 
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sldegradient Ground-weter qudlty In bath d these WJh la o c c a h d y  abmm bed<qound and may be 

affected by Plant actMties uporadlent of the 881 Hilssrlde. Addit&nal uperadm wells will be hs!alJed to 

Investigate thk possibUity Three of the welis were dry at all sampling atteunpts (SlS7,54-87 and 58-88) 

0 

Fourteen monitor wells were completed in the suAcial materials downgradlent of IHSSs 1 19 1,119 2 

and 130 (9-74, 10-74, 64-86, 487, 5-87, 6-87, 43-87. 47-87, 48-87, 6386, 44-87, 49-87, 5087, and 55-87) 

Several of these wells show significant contamlriatbn. Ground-water levels in the last five were always too low 

to yield samples. 

Three wells were completed in weathered sandstme (587,6246 and 5946). and WO were Completed 

in unweathered sandstone (387 and 4587) A third deep well (8-87) was completed h lignite (it is grouped 

with the unweathered sandstones in Appendix B) 

All available data (fourth quarter 1986 through first quarter 1990) are considered In the following 

awessment which compares &e data to the background ground-water quality tderance Intervals. However, 

background ground-water data are avallable ody for the second quarter of 1989, so the discussion compares 

site and background data from different seasons Section 2 3 1 includes a more complete description of the 

background study and emphasizes that conclusions regarding ground-water quality are necessarily preliminary 

Ground-water samples were analyzed for the parameters listed In Table 2-9, and all available data are presented 

in Appendix B 

0 

2 3 3 1 Volatile Organc Compounds 

Unconfined Ground Wa ter 

Several wells had detectable volatile organic compounds in the surficbl materials over the course of 

sampling from late 1986 to 1990 Maximum values are shown in Table 2-10 Concentrations plotted in Figures 

2-9 and 2-10 illustrate the general distribution that characterires the organic contamination, although these 

maps specfically show only PCE and TCE in the second quarter of 1989 01 the wells that are marked ‘dr)r 

on Figures 2-9 and 2-10, only three wells were dry throughout all sampling (wells 6346,4487, and 49-87) 
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IlDIcATQRt 
Total 0lrrolvrd Soltds. 
Total surprndsd Solids 

n r u K k u  Subrtancrr List - Metals 
Aluinr 
Antlrroy 
Arsenic 
brim 
Beryl 1 i m  
Ca&lun 
CalciLa 
Chrani rn 
Cob8lt 
Copp.F 
I ron 
lead 
Magmaim 
Manganese 
krcuFy 
Nickel 
Potarrlm 
Selmiu 
si Lver 
sodtun 
Thallirn 
Tin 
V d r u  
zinc 

Other Metals 
Chrmirn (hexavalent) 
Lithim 
Strontiun 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 

aRGaalcs 
Oft  a d  Grease 
Hazardous S&tances LIst - Votati tesL..' 

Ch l oromethane 
Brolnonrthane 
vinyl Chloride 
Chtoroethane 
Methylene chloride 
Acetone 
Carbon Oisulf ide 
1,l-Dichlorocthene 
1,l-Dichloroethane 
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-1- 
Hburdow S l h e t w r  LfSt - VOlatfLW*** (Contfnurd) 

trm-l,2-Dichloroeth8ne 
allorofom 
1,29ichloroethww 
2-ktwron 
1 1 ,t-Trlchloroethme 
Carbon Tetrachloride 
V i y l  Acetate 
B r o o d i c h l o m t h u w  
l, l ,2,2-tetrachloroethm 
1,2-D f chl oropropur 
t r m - 1  ,S-Dichloropropan 
Tr Ich loroethem 
DfkaDochloror*thww 
1,1,2-trichloroethane 
Ba(uwI. 
cis- 1,3-Dichloropropene 
2-Chloroethyl V i n y l  Ether 
Bfmofom 
2 - H - m  
S-lkthyl-2-psntu#na 
Tetr8chloroethm 
Toluefn 
ChloroknraM 
Ethyl 8enzem 
Styrene 
Total Xylenes 

M D I M l D f t  
0- Alpha 
Or088 Beta 
Uraniun 233234, 235, and 238 
W r i c i r a  241 
Plutoniun 239+240 
Strontium 90 
Ceslun 137 
t r i t i u n  

For surface water sanples only 
** Dissolved metala for groud-water saaples, total and dissolved metals for surface water s w l e s  
*** Ground-water samples f r a  the f i r s t  quarter of 1987, and a l l  surface uater rlvrples were m l y z e d  for 9 of 
the HSL volatilcs. The8e volatiles are the chlorinated solvents histor ical ly  detected i n  the grovd water and 
are as f o l l w  PCE, TCE, l,l-DCE, 1,2-DU0 t-l,z-DCE, l,lO1-TCA, 1,1,2-TcA, CC14 and CHCl, 
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At the westerly group d IHSSa fowvohtle orgdc compaunds occuned abave detectbn Wmlts in 
I 

I 0 threewells A t w d  187therewaooneoccurrencedl~ l , l -T~[130~igramsperI#erbg /L) ] ,at~~87 

there was one report each of chloroform (CHCI,, 8 rg/c), PCE (4 pg/c), and 1, I ,  1 -TCA (2J fig/(), and at well 

2-87 there was 1.1-DCE (6 rg/c) and PCE (355 Bg/c) The only other volatile organic compounds at the 

westeliy IHSSs were methylene chlorkle (maximum - 358 rg/t at well 2-87), and acetone (maximum - 280 

rg/t at well 1-87) Numerous other samples had methylene chloride and acetone concentratkm esrimated 

below detection limit and/or present in the blanks for wells that were o t h e m  free of organics. These results 

may indicate laboratory rather than site contamination Isolated. low level reports of carbon disulfide, 2- 

butanone and total xyfenes are shown in Table 2-10 

At the easterly group of IHSSs (1 19 1, 119 2, and 130), vdatle organic contamination is more 

pronounced (Tabfe 2-10) Wells 9-74, 10-74. and 43-87 show the most contamination. wrth PCE. TC& 1.1- 

dichloroethene (1 ,l-DCE), 1,ldichloroethane (1,l-OCA), l,l,l-TCA, 1,lI2-trichloroethane (1,l ,P-TCA), and 

carbon tetrachloride (CCI,) reaching several thousand rg/c in many samples. Chloroform, toluene, 1,2- 

dichloroethene (1.2-OCA), and total 1,2dlchforoethene occurred at lower concentrations (estimated at less than 

detection limit or less than 1ooUg/e wnh few exceptions (Table 2-10)) Levels of methylene Chloride and 

acetone were typically low enough to be considered laboratory artdact according to CLP protocd (U S €PA, 

1988a), although the high levels at wells 9-74, 10-74, and 43-87 suggest the actual presence of these 

compounds in the ground water at these locations Carbon disulfde, 2-butanoneI ving acetate total xylene 

and benzene results In Table 2-10 show sporadic occurrences at low concentrations 

0 

The report of low level PCE for well 64-86 (8.l bg/c) In the second quarter 1989 was not repeated in 

subsequent analyses Planned monrtoring will help confirm the presence or absence of contamination in 

downgradient valley fill alluvium 

In weathered sandstone, well 5-87 contained organics other than methylene chlorlde and acetone with 

PCE (170 pg/c), TCE (45 rg/e), CHCI, (8 pg/c), and 1,P-DCA (6 bg/c) The acetone was also quae high in 

that well (99 pg/r) Well 62-86 had 295 pg/r of PCE and 2J rg/c of CCI, Only 6 rg/c of PCE was reported 
! 

for well 59-86 I ;. 
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Volatile organlcs have been infrequently detected in samples of wnfined ground water of the 

unweathered SandSones (wells 3-87,45-87, and 8-87) At least 11 quarters of data exist for these wells. There 

were no greater than four occurrences of methylene chloride and acetone m samples from each well In almost 

every case, the concentrations were either estimated belaw detection limits and/or these analyses were present 

in the associated laboratory blank There are only two occurrences of 1,l-DCE (1 J rg/c and 25 rg/e), both 

in samples from well 8-87 Three samples from well 45-87 (fourth quarter 1987 and the first two quarters of 

1988) contained chloroform (range 3J @/e to 378 rg/c) However, chlomfm was not present ln any sample 

from subsequent quarters Toluene was present In only one sample from each of the three wells. 

Concentrations ranged from 0 7JB bg/c to 2J Ng/c TCE was detected only once in samples from well 3-87 

(6 erg/() and only twice in samples from well 8-87 (2J rg/c and 35 rg/c) TCE was not detected in well 45-87 

PCE was only detected once in well 3-87 (5J rg/c) and twice in well 8-87 (2J rg/e and 20 rg/e) PCE was 

not detected in well 45-87 CU, was only detected once in well 8-87 (130 rg/e), and was not detected in wells 

3-87 and 4587 carbon disulfide was detected once (5~g/c) in well 45-87 only It ls conduded that the 

ground water in the unweathered sandstone at Operable Unit No 1 is not contaminated for the following 

reasons 

the common laboratory contaminants, acetone and methylene chloride, are not detectable in 
Samples at least 60 percent of the time, and when detected, concentrations are low and/or the 
assoclated laboratory blank contained these contaminants, and 

organic compounds These data indude numerous sampling events, preceding and succeeding 
the infrequent detections 

all d the data, with the exception of the results for samples noted above, showed no volatire 

2 3 3 2 Inorganics 

Maior Ions in Unconfined Ground Water 

All surficbl materlais wells (except dry wells 5147,5337, and 58-86) in the vicinity of the western group 

of IHSSs contained some major anions above background The margin above background was small In many 

cases, and therefore presents only ambiguous evtdence of contamination However the occurrences of nhrate 

signdicantly a b e  estimated background [maxima of 7 7 mligrarns per Mer (mg/e) in well 69-86,s mg/c 

OcIOIa loo0 
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inwell w, dchlaride and/or Mllfade abaw, 100 mg/c in wells 147, 5267,6Q-H, and 5347, and tatal 

dissdved solids (TDS) abave lo00 mg/c In wells 52-87, and 69-88, do Mkate that anions are signtRcantly 

elevated In th8SO Wd@.  cyanide W8S analyzed fOr W d b  5287, 69-86. and 68-86, 8nd Occurred 8- 

background In one sample (0 106 mg/c In well 6M6) 

Major cations magnesium and sodlum are signiffcantty elevated at all of the wells in this group except 

at wells 68-86 and 54-87 Major cations calcium and potassium are also somewhat elevated at some of these 

wells 

Several surficfal wells In the vicinity of IHSSs 1 19 1,119 2 and 130 also contained major anions above 

background (9-74, 10-74,2-87.4-87,6-87,43-87,4887 and 64-86) Wells 9-74 and 10-74 showed the highest 

concentrations of nttrate (91 2 and 55 mg/c) and these wells had simlar concentrations (several hundred 

mg/c) of other major anions relative to the other wells TDS was typicslly approximately 2000 mg/c Several 

of these wells were lntermtttently dry and therefore the available data cannot provlde detailed trends However 

there is an assoctatlon between IHSS 119 1 and the highest inorganic constituent results Isopleths of TDS and 

nitrate (Rgures 2-1 1 and 2-12) for the second quarter of 1989 illustrate this, and are generally consistent with 

data for other sampling events Major cations calcium, magnesium and sodium were above background in 

almost all samples in this area 

Both of the wells in weathered sandstone which were not persistently dry contained major ions above 

background TDS was typically just over 2000 mg/r and chloride and sulfate were several hundred mg/c as 

in the sutficial wells, and nitrate was elevated up to ten times background Calcium, magnesium and sodium 

were slightly above background 

Maior Ions in Confined Ground Water 

The ground water in the deeper wells, in contrast to the unconfined flow system, did not contain a large 

suite of elevated inorganics in the surficial ground-water system Only well 8-87 with a maximum TDS of 450 

mg/t and nitrate at 1 mg/r had anions slightly above background Calcium and magnesium were the only 

elevated cations in that well 
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All wells In surfidal materials in the vicinity of the western group of IHSSs had some metals above 

background, but the suite of elevated metals was not consistent spatially or temporally Nickel, strontium, zinc, 

manganese. mercury and copper each exceeded background In three or more was, and barium, beryllium, 

iron, antimony, chromium, lead, aluminum and cadmium occurred dlghtly above background In one 01 two 

wells 
a 

I 

Nickel, strontium, selenium, zinc and copper exceeded background In several samples from most wells 

near the eastern group of IHSSs, and several elements exceeded background once or infrequently (aluminum, 

antimony, barium, cadmium, chromium, cobalt Iron, lead, mercury, mdybdenum and potassium) 

The concentrations of selenium, strontum, nickel and tlnc shown in Figures 2-13 to 2-16 are generally 

consistent with the patterns of high concentrations of inorganics around IHSS 119 1, although the dry wells 

and typically low concentrations hlnder portrayal of possible patterns in the metals data The data sets for 

cesium, lithium, molybdenum, and tin are incomplete because the laboratory dld not analyze for those elements 

in many samples Ground water In the weathered bedrock wells contained most of the metals that were 

elevated in surfichl matenais as well as lithium in well 5-87 up to 25 times background 

Metals in Confined Ground Watg 

Of the deeper wells in unweathered unns. only 8-87 contained metals that were elevated (nickel, 

strontium, manganese and iron exceeded estimates of background by more than a factor of four) The 

unweathered sandstone wells exhibited low concentrations for other elements (cadmium, chromium. barium. 

lithium, son, mercury, and silver) which were either ,undetected or extremely low in background samples 

Radionuclides in Unconfined Ground Water 

Of the wells in surficlal materlals near the western group of IHSS’s, five Contained gross-alpha and 

beta, uranium and tritium above background (wells 1-87,52-87,69-86, and 59-86R) Whin that group of wells, 

OCTOMR 1990 
P A M  2-17 



togl waniumwar typrcaay less than 30 prcocuier per M e r  @ak) BXCB~ at well 5247 (maximum -642 

pcl/t) Gross alpha and beta were highe& at that wed al80 (70 pCi/t and 76 pCi/4 mpectivdy) The 

magnnude and frequency of those results suggest possible radionuclide contaminatlon at this location 

Analytical results for Stronlium49,90, cesium-137, and americium-241 were not reported by the laboratory for 

many Samples. ~ccurrences of trltium above background In wells 52-87 and 6947, and americium and 

radium-226 In well 52-87 are isdated and just above background Therefore a determination of contamination 

based on those data Is incondushre 

Well 447 of the eastern group of wells in surficial materials contained the highest concentrations of 

radionuclides Maximum gross alpha and beta results were approwmately 300 pCl/t, total uranium was 

approximately 50 pCi/t, and tritium reached Tn pCl/t Wells 9-74, 10-74, 6-87, and 43-87 contained these 

radionuclkies above background, although the m m u m  levels were much lower than at 4-87 Strontiums9,W 

also exceeded background at several of these wells (maximum was 5 6  pCi/t at well 2-87), whereas 

cesium-137 and radium-226 were just above background in one or two samples Gross alpha and beta, 

uranium and tritium exceeded background In both weathered sandstone wells, whereas strontium49.90 was 

elevated only in well 5-87 The concentrations are lower than in surfichl matenals with the exception of gross 

alpha and beta (99 and 91 silt in well 5-87) 

0 

Figure 2-17 portrays the distnbution of total dissolved uranium in the unconfined ground-water flow 

system for the second quarter of 1989 The pnncipal feature, elevated uranium concentrations in the vicinity 

of IHSS 119 1, is consistent with the data available from other sampling p e d s  Because well 49-87 Is 

persistently dry, the amount of contamination between wells 487 and 6-87 is unknown 

Radionuclides in Confined Ground Water 

, 

Unweathered sandstone wells had either gross alpha or beta above background, one instance of 

uranium-235 above background in well 8-87, and one case of radium-226 just above background All other 

analytes were below background 
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Organic, and possibly major Ion, trace metal and uranium contaminatkm exist h ground water unthin 

surficial materials and In some bedrock at the 881 Hflldde Area. Volatile organic wntamination is most severe 

in the eastem portlon of the site, and may be derived primarily from IHSS 119 1 The available data suggest 

that organic contamination is resMded to a small area around that apparent source The ground-water data 

for the westem group of IHSS's show frequently unsaturated conditions that may have mitisated COnEaminant 

migration The presence of l,l,l-TCA at well 147 may indicate contamination from an upgradh! soucc~ or 

from a sidegradient portion of the 881 Hillside Area (IHSS 145) In eithet case, further characterbtbn is 

required Uncertainties regarding the origin of methylene chloride and acetone in ground-water samples (sne 

or laboratory contamination) do not alter the fundamental condusions listed above and can be danfied wnh 

additional planned analyses 

Conclusions regarding inorganic contamination are limited by the preliminary nature of background 

data. The preceding sections listed all constituents above background as if each represents contamination 

On that basis the data indicate distinctly elevated major ions throughout most of the sne, and apparent 

contamination emanating from both the westem and eastern portions of the 881 HUlsMe The extent d such 

plumes of inorganics at the site has not been deimeated by existing data The metals data exceed background 

more erratically than do the maior ions, and offer more ambiguous evdence of contamination emanating from 

IHSS's It is not currently possible to determine whether this uncertainty is a function of incompletely defined 

background levels and/or the presence of contaminants from multiple sources The list of elevated 

constttuents includes elements that could be attributed to natural sources in this sedimentary environment (e g 

selenium, unc, strontium) as well as elements that may suggest human influence (nickel, beryllium) 

Radionuclide data are simitariy ambiguous However, the uranium concentration in the vicinity of IHSS 119 1 

is sufficient,impetus for further investigation Interpretation of the extent of elevated uranium must be 

coordinated with better definition of background conddions Ongoing evaluation of background concentrations 

and additional data collection at the 881 Hillside will permn more definitive assessment of the influence of Plant 

operations on ground-water quality 

Elevated constnuents of all categories have migrated vertically from surficial materials to hydraulically 

connected upper bedrock units PossiMe impacts on the bedrock are most Signiffcant in the weathered zone 
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2 3 4  a 
Surface water stations a! the 881 HRlslde Area are located along the South Intemptor Ditch, Woman 

Creek, and at various seeps and ponds Nine surface water StatbnrJ in the vicwty of the 881 Hillslde Area were 

sampled during field activities. All available surface water data are compared to second quarter 1989 

background data to prellmlnarily assess if Inorganic or radionudide contambration edat at these stations 

Section 2 3 1 explains the status of these background data. Surface water locatlorrs are shown on figure 2-1 8, 

and data are presented In Appendk C 

2 3 4 1 South Interceptor Ditch 

Surface water statlons SW-45, SW-46, and SW-44 are just south of Building 881 SW-45 monitors the 

foundation drain discharge from Building 881 This water flows into a skimmmg pond Station S W 4  Is the 

discharge from a pipe draining the skimming pond to the South Interceptor Oitch The foundation drain is a 

Vitrtned clay pipe which Is buned 14 to 20 feet deep along the western and southern sides of the 881 Building 

The pipe drains water southward to a common pipe and then into the skimming pond SW-46 is located at 

a pond formed by groundwater seepage from the 881 Hillside S W 4  is west and hydraulically sidegradient 

of the skimming pond 

I 0 

Surface water runoff from the 881 Hillside Area flows into the South Interceptor Ditch and then into 

Pond C-2 Surface water in Woman Creek is routed around Pond C-2, however, water in Pond C-2 is 

discharged to Woman Creek in accordance with the plant NPDES perm SW-31 monitors water quality In the 

South Interceptor 01tch jus! downstream of SW-44 Surface water stations SW-Se, SW-67, SW-68, SW-69 and 

SW-70 monRor the South Interceptor Dlch downgradient from the 881 Hillside 

Volatile organics have been detected in samples from SW-45 (Building 881 foundation drain discharge), 

and at lower concentrations in SW46 (pond formed by ground-water seepage at 881 Hillside), and SW-44 

(discharge to the Interceptor Ditch) The concentration of PCE was 128 Bg/c at SW45 In May 1987, but was 



near detection limits and then undetected in subsequent samplings untd March 1990 PCE was 23 cg/c in 

the last available sample There were isdated Instances of toluene (12 rg/c) and CCI, (6 rg/c) In late 1987 

at this station Samples from SW-46 In May and June 1989 indicate that PCE was present at estimated 

concentrations below detection limits (3J cg/e and 2J rg/c, respectrvely) No other volatile organics were 

detected in samples from SW-46 SW44 showed no detectable volatile organic compounds untd fourth quarter 

1989 (4.J rg/e of TCE), and flrst quarter 1990 (7 cg/e of TCE) Methylene chlotide and acetone concentrations 

were low enough to be considered inconclusive ewdence of contamination by these organics at SW-44, SW-45, 

and S W 4  

Volatile organics do not appear to be present at surface water stations SW46, SW-67, SW48, SW-69 

and SW-70 (downgradient South Interceptor Ditch) Methylene chlorde. acetone, and 2-butanone were present 

between 2 and 38 rg/c at all the statlons, however, these compounds were also present In laboratory blanks 

Toluene was present in a sample from SW49 only in August 1989 at a level of 4J rg/e (also present below 

detection limits) No other volatile organics were detected In South Interceptor Ditch surface water statlons 

downstream from the 881 Hillside Area 
0 

Results of inorganic analyses of surface water samples from these stations indicate that TDS, nltrate, 

and sulfate concentrations fluctuated above and below background Maximum concentrations were generally 

within a factor of two above background, however, there was one anomalous nitrate result at SW-44 (424 

mg/c) At all other stations maximum nitrate concentrations ranged between 4 and 10 mg/c Dissolved 

magnesium exceeded background by approximately a factor of two at all the stations whereas dissolved 

calcium and potassium exceeded background by less than 5 mg/r at stations SW 44, SW45 and SW46 Both 

calcium and magnesium consistently exceeded background when analyzed in unfiltered samples, but the 

margins above background varied Total potassium exceeded background at most of the stations by less than 

a factor of two 

The following dissolved metals occurred intermrttently above background aluminum, beryllium, 

cadmium, copper, mercury, lead, strontlum, zinc, chromium, selenium, and vanadium The list of total metals 

which exceeded background is the same, except that banum and nickel are also included and copper is 

excluded Strontium and zinc were the only dissolved trace elements above background at nearly every 

station, however, total aluminum, barium, iron, strontium, and zinc exceeded the background for metals in 

0 
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suspension at most of the statlons. Total aluminum tended to exceed background by Hlldely varying margins, 

reflecting the variable suspended clay content of sutface water under ddferent flow conditions Most of the 

trace metals exceeded background by less than a factor of two, but exceptions are notable For example, 

mercury was 0 46 mg/e and 0 9 mg/c at stations S W 4  and SW-45 in June 1988 

0 

Dlssolved gross alpha and beta, uranium and plutonium exceeded background In many of the samples 

Dlssolved radium-226 exceeded background as well, but in only three samples wlth a relathrely low value and 

high counting error Total radionuclide results exhibit the same constituents above background, as well as 

strontiuma9.90, amerrclum, cesium-137, and tritium Although the total radiochemistry results are typically 

higher than dissolved results as expected, the maximum dissdved plutonium dd exceed total plutonium at 

stations SW45, SW-66, SW-68, SW-69, and SW-70 Because samples for dissdved and total plutonium are 

separate grab samples it is possible that the data reflect the vanable colloMal content of ddferent grab 

samples 

2 3 4 2 Woman Creek 0 
Surface water stations SW-32, SW-33. and SW-34 are located on Woman Creek directly south of the 

881 Hillside and South Interceptor Ddch and upstream from the 903 Pad Area Volatile organics were not 

detected in Woman Creek surface water with exception of presumed laboratory contaminants methylene 

chloride, acetone, and one instance of toluene at SW 32 (12 pg/c) Results of inorganics analyses from these 

surface water stations were all within tolerance interval values calculated from Round 1 background surface 

water sampling results Of the dissolved metals. only zinc at SW-32 to SW-34 (maximum 0 072 mg/c), and 

strontium at SW-32 (0496 mg/c) were elevated above background Several major and minor elements 

exceeded background as at the other surface water stations Radiochemistry data for these stations are 

analogous to those from the South Interceptor Ditch, although total uranium values are typlcally lower in 

Woman Creek Plutonium and americium were both lust detectable at several of these stations Radium-226 

was not analyzed v1 the Woman Creek samples 
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2 3 5  Sedimentg 
0 

Bedload sediment samples were collected during 1989 site characterization from creeks and ditches 

that traverse the Rocky Flats Plant Sediment stations have been established along the Woman Creek drainage 

downgradient of the 881 Hillside Area All available data for eleven sampling statlons are presented In 

Appendix D Stations SED-28, SED-29, SED-25 are located (In that order) withln the South Interceptor Ditch 

in the Woman Creek drainage, 750 to 3OOO feet downstream from surface water station SW-70 These staths 

are just east of the 881 Hillside Area shown In Figure 2-17 SED41 and SED-30 are seeps on the South 

Interceptor Ditch berm up- and downstream from station SED-29 SED-27 and SED-26 are along Woman Creek 

just upstream of Pond C-2 All of these statlons are hydraulrcaliy downgradient of the 903 Pad Area and 

therefore may be influenced by that source Oata for three, more distant stations are included in Appendtx D 

SED-14 and SED-15 are upstream of the 881 Hillside Area (approximately 3300 and 10,000 feet upstream from 

SWSS), and SED41 is downstream of the 881 HlllsMe and 903 Pad Areas (approximately 9OOO feet 

downstream) The sediment station locations descnbed above do not explicdy address sediments that are at 

the base of the hillside and upgradient of the 903 Pad Therefore the sediment chemistry results descnbed 

below will be supplemented with data from new sampling stations in subsequent work to the extent possible 

(Section 5) 

0 

Vdatile organic compounds were typically undetected or estimated below detection limits with the 

following exceptions SED-29 and SED30 contained 60 rg/c/kg and 19J rg/r/kg of chloromethane, 

respectlvely SED41, SED-14, SED-29 and SEDBO contained acetone in one sample at each station (85 

rg/kg, 89 rg/kg, 18 rg/kg and 220 rg/kg. respectnrely) Acetone was present in the blank at the latter station, 

so the report of 220 rg/kg is of questionable signficance Methylene chloride concentrations were 20 rg/kg 

and 22 rg/kg at SED41 and SED-27, again assocrated with contaminated blanks Chloroform was detected 

at 18 rg/kg in the one sample from SED41 and the TCE at the same station was 8 rg/kg 

Low-level results, all estimated below detection IimR, were reported for carbon disulfide at SED30 (6J 

rg/kg), 2-butanone at SED41 (1 JB rg/kg), TCE at SED-25, SED-26 and SED30 (5J rg/kg, 3J rg/kg, and 7J 

rg/kg), toluene at SED-29 and SED-30 (25 pg/kg and 6J pg/kg), and methylene chloride and/or acetone at 

most stations The presence of acetone at upgradient SED41, together with the low concentratlans and 
0 



contaminated blanks, demonstrate that the evldence of volatle organic compounds in these sediments is 

insufficient to prove contammation 
0 

Nhrate exceeded background at SEDO1, SED-25, SED-26, SED-29. SED-30, and SED31 The 

maximum concentration was 8 1 mg/kg at SED40 Magnesium and potasslum were the two major cations 

above background (5970 mg/kg and 67000 mg/kg, respectively) 

Concentrations of betyllium, silver, and tin were the most elevated in the sediment of the South 

Interceptor Ditch Concentrations of silver were more than five times the upper limlt of !he background range 

at SED-25, SED-29 and SED-30 (maximum was 49 1 mg/kg) Beryllium undetected in background samples, 

and 2 5 mg/kg in upgradient station SED-15. ranged from 3 8 to 15 5 mg/kg in the South Interceptor Oitch 

sediments Tin was above background at stations SED-25, SED-26, SED-29 and SED-30, ranging from 364 to 

1080 mg/kg 

Several other metals exceeded background by smaller margins in one or two samples each from the 

downgradient stations SED-25 to SED-31, induding aluminum, antimony, cadmium, chromium, copper, iron, 

lead, lithium, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, and zinc Woman 

Creek sediment samples, in contrast, contained only mercury and molybdenum above background (0 48 

rg/kg of mercury at SED-14, and 40 mg/kg and 42 mg/kg at SED-14 and SED-15, respectively) 

0 

Plutonium was !he pnnciple radionuclide above background, occumng a! concentrations ranging from 

0 08 pCi/g lo 3 3 pCi/g at stations SED-25, SED-26, SED-29, SED-30 and SED-31 The presence of plutonium 

in the sediments is consistent wtth the sod plutonium contamination found in the 881 Hillside and 903 Pad 

Areas Other exceedances of background (4 8 pCl/g of total uranium at SED-25, and 77 pCi/g of grossalpha 

and 1 3 pCi/g of radium-226 at SED-30) occurred in single samples The Woman Creek sediment samples did 

not contain plutonium or other radionuclides above background 



2 3 6  & e 
Air quahty studies at the Plant are performed continuously and reported annually in the Annual 

Environmental Monnoring Reports (eg, Rockwell International, 1975 through 1985, 1986b. and 1987b) In 

addition, the air pathway was further characterired In Rockwell International (19865) 

Air samplers for routine a m b w  air momtoring at the Plant are located at vartous locations on and off 

the Plant sde The ambient air program monitors radionuclde cOC1CBntTBtjOflS, conventional ak quality 

parameters are also monrtored on srte at a dedicated location inside the perimeter secwrty fence, west of the 

East Guard Gate 

The Plant Radioactwe Ambient Air Monitonng Program (RAAMP) consists of 51 high-vdume particulate 

air samplers which operate continuously Twenty-three of the 51 samplers are within or directly adjacent to 

the Plant security area (on-site samplers) and 14 are located around the property boundaty (perimeter 

samplers) An additional 14 samplers are located in neighbonng towns (communw samplers) 0 
The 903 Pad Area is recognued as the pnncipal source of airborne plutonium contamination at the 

Plant (Rockwell International. 1975 through 1985, 1986b, and 1987b) Historkally, the particulate sampiets 

located immediately east, southeast, and northeast of the 903 Pad, Mound, and East Trenches Areas have 

shown the highest plutonium concentrations This finding IS corroborated by the results of soil surveys which 

indicate elevated plutonium concentrations to the east, particularly the southeast of the area However, the 

RUMP has found ambient air samples to be well wnhin applicable regulations and guidelines for the protection 

of human health and the environment for all radioactive contaminants (Rockwell International, 1987a) 

The biota at the 881 Hillside Area have not specifically been previously studied, however studies on the 

biota at the 903 Pad, Mound and East Trenches Area have been conducted A survey was conducted for the 

Final Environmental Impact Statement, Rocky Flats Plant Site (U S DOE, 1980), and previous studies were 

summarlted in the Radioecology and Airborne Pathway Data Summary Report (Rockwell International, 19869 

The Radioecology and Airborne Pathway Data Summary Report addresses the plutonium released from the 

0 
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903 Drum Storage Site and Its effects on the immediate envkonment Field studies were conducted over 

several years which compared various biological measurements and pathological data between ecologically 

similar study areas of widely varying plutonium levels Soil plutonium concentrations were measured along wrth 

biological measurements such as vegetation community structure and biomass, litter mass, arthropod 

communny structure and biomass, small mammal species occurrence, population density, biomass, 

reproduction, and physical size of whde arcasses and organs In addltion, pathological examination of small 

mammals, including x-ray for skeletal sarcomas, microscopy for lung tumors, and necropsy for general 

pathology and parasite occurrence were carried out. Results of the studies showed no evidence of ecological 

impacts attributable to plutonium Although pathological conditions were found In some rodents, there were 

no signficant pathological differences between control and plutonium contaminated areas. Other minor 

dtfferences in biological attributes for study are as at the Plant site could not be correlated to plutonium levels 

0 

Aquatic studies, conducted by Colorado State Unrversrty, examined phytoplankton, some detrttus and 

small zooplankton uptake of plutonium from the 6-senes holding ponds Thls study showed than an 'increase 

in trophic-level concentration of plutonium did not occur apparently due to a selective mechanism that 

discriminated against plutonium at this level This would result In a decreased potential hazard when 

considering the transfer of plutonium through Ingestion routes' (Palm, 1980) 

I 0 

Other aquatic studies revealed that 77% of the plutonium associated wrth crayfish is found in their 

exoskeleton Fish flesh and bone from the A and C-senes ponds were never above the minimum detectable 

actrvdy for plutonium 

2 4 APPLICABLE OR RELEVANT AND APPROPRIATE R E QUI REM E N Ts 

Section 121 (d) of CERCLA, as amended by the Superfund Amendments and Reauthonzatlon Act of 

1986 (SARA), requires that Fund-financed, enforcement, and Federal facrlrty remedlal actions comply wdh 

applicable or relevant and appropnate (ARAR) Federal laws, or more stringent promulgated State laws 

Health-based, chemical-spec& ARARs pertinent to ground-water quality have been Identified for the 

EPA CLP TCL organic and TAL inorganic compounds as well as radionuclides and conventional pollutants 
I 

I found above detectable levels The chemical-spec& ARARs are demed primallly from federal and state health 

I 
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and environmental statutes and regulatlons As discussed below, In some instances these standards are 

classdied as items to be considered (rBCs) A summary of chemical-spec& ARARs for the contaminants 

found at the 881 HUlslde Area IS presented in Table 2-11 

The ARARs listed in Table 2-1 1 were identified by examining the following promulgated standards 

0 Safe Drlnklng Water Act (SDWA) Maximum Contaminant Levels (MCLs) and Maximum 
Contaminant Level Goals (MCLGs), 

0 am Water ~ c t  (CWA) 

0 Ambient Water Quallty Crlterla (AWQC), 

RCRA Subpart F concentration limns (40 CFR 264 94). 

CDH surface water standardsfor Woman Creek (5 CCR 10028, Section 3 8 29, Final Rule 

CDH ground-water standards (5 CCR 10028, Section 3 11 5) 

0 

0 

Effectrve March 30, 19!X), and 

0 

The NCP [FR Vd 55, No 46,8848,40 CFR 300 430 (e)] requires that, in development of alternatives for final 

remediation, the following be consldered for current or potential sources of dnnking water attainment of 

MCLGs or MCLs, If MCLGs are zero, and attainment of CWA AWQC where relevant and appropriate Because 

surface water at OU1 is a source of drinking water, the MCLGs (or MCLs) are relevant and approprlate The 

AWQC are also relevant and appropriate because Woman Creek has a use-protected designation, aquatic life 

class I I  warm water The RCRA Subpart F concentration limns include standards for 14 compounds, with 

background or alternate concentration limits used as the standard for the other 40 CFR 261, Appenduc Vlll 

constnuents Although this area does not contain RCRA-regulated unns for which these standards are 

applicable, it does contain IHSSs Therefore, these RCRA Subpart F regulations are consldered relevant and 

approprate However, because ACLs based on protection of public health have not been established for the 

Appendix Vlll constituents, the RCRA clean-up crderia of background concentration are viewed as TBC 

Background concentrations for 40 CFR 264, Appendix IX constituents not listed in Appenduc Vlll are also TBC 

The CDH surfqce water qualw standards for Segment 4 of Woman Creek (downstream of Pond C-2) are 

designated as goals for Segment 5 Pond C-2 and upstream (includes Operable Unn No 1) Although the CDH 

surface water qualq standards for Woman Creek are only goals in the reach adjacent to Operable Unit No 1, 

they are considered relevant and appropnate because the lower reaches must attain these standards, and 

therefore cannot be impacted by releases from the 881 Hillside Area The CDH ground-water standards are 
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consldered applicable When more than one potential chemical-spec& ARAA was identified for a contaminant 

the most stringent standard was used to determine the speclfic ARAR to be applied 0 

Of the elements/compounds detected In aliuvml ground water at the 881 Hillside Area, there are no 

ARARs for calcium, magnesium, potassium, sodium, bicarbonate, cesium, and strontium However, the TDS 

ARAR establishes the acceptable aggregate concentration for the above major ions (excludes cesium and 

strontium) Until an acceptable nsk based concentration is established for cesium and strontium, their 

background concentration is TBC 

Table 2-1 1 shows that several of the volatile organics. metals, and major ions that were analyzed have 

exceeded potential chemical-specdic ARARs from late 1986 to first quarter 1990 at some locations in the 881 

Hillside Area This IS not to say that releases of these constituents are occurring, for the concentrations of 

some substances may be due to a past release or to natural geochemical processes However, the listing of 

Table 2-1 1 has been presented to Mentlfy parameters for which analyses should be made in Phase 111 and their 

respectrve minimum acceptable detection limits The draft final FS will evaluate technologies that address these 

0 constituents 

2 5  SAMPLING AND ANALYSIS REQUIREMENTS FOR REMEO IAL ALlERNAnVES EVALUATION 

The purpose of this section is to Identify potential remedal technologies which are consistent with the 

available information regarding contamination at the 881 Hillside Area Based on the available site information, 

the contaminated medla or areas for which remedial alternatlves will be developed include wastes, 

soil/sediment, ground water, and surface water The foilowing general remedial response actions were ldentified 

for further review and evaluation In the draft FS (Rockwell International, 1988b) 

e 

b Complete or partral removal of wastes and Contaminated soils, 

8 in-sttu contaminated soils treatment, 

8 Ground-water collection, 

infiltration and ground-water containment controls, 

8 In-sku ground-water treatment/immobiIkation, and 

8 Ground-water/surface water treatment 
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Combinations of these general response actions are appropriate and were evaluated during the draft FS Table 

2-12 presents these general response actions along with applicable component technologies 0 

At the time the draf! FS was prepared, the extent and nature of contamination at the 881 Hillside Area 

was not well defined For example, organic contamination of soils may have been underestimated because 

maximum concentrations occurred In samples not necessarily collected from 'hot spots', and the volatUe 

organic data have since been rejected in the valuation process The draft FS did not evaluate treatment 

and/or disposal of organic contaminated soil, however, the Phase Ill RR/RI may indicate such an evaluation 

is in order With respect to Inorganic contaminants, the draft FS did not evaluate treatment techndogies for 

their removal Although this was performed for the 881 Hdlside interim action (US DOE, I!BOa), the 

performance of the interim action treatment system will be important input in reevaluating these techndogies 

for the draft final FS Lastly, inorganic contaminated ground water appears downstream of the intenm action 

collection system designed on the basis of the extent of volatile organic compound contaminated ground water 

Remedial alternatives that address this issue will be evaluated in the revised FS As shown in Table 2-13, there 

are speclfic data requirements that are necessary to evaluate the technologies ldentified in Table 2-12 These 

data will provide for a thorough comparative evaluation of all appropriate techndogies wdh respect to 

implementabtlty, effectweness, and cost, and allow for informed selection of preferred technologies The Field 

Sampling Plan (Section 5) refiects these Information requirements 
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TABLE 2-12 

RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES 

GENERAL RESPO NSE ACTIONS ASSOC IATEO REMEDIAL TECHNOLOG IES 

Complete or Partial Removal 
of Contaminated Sdls 

In-Situ Contaminated Sols Treatment 

Ground-Water Collection 

Infiltration and Ground-Water 
Containment Controls 

In-Sdu Ground-Water Treatment/ 
Immobilization 

Ground-Water/Surface Water 
Treatment 

0 

0 

offsite Landflll 
On-Site Treatment*/BackfiIl 

Immobilization (cementation and vitrification) 
Soll flushing 
Vapor Extraction 
Bioreclamation 

Well Array 
Subsurface Drains 

Capping 
Subsurface Barriers 

lmmobillzation 
Aeration 
Bioreciamation 

Bloreclamation Treatment 
UV/Peroxide or UV/Ozone 
Air Stripping 
Carbon Adsorption 
Ion Exchange 
Electrodialysis 
Reverse Osmosis 
Coagulation/Filtration 

*Thermal Treatment, Solvent Extraction, Immobilization (Cementation and 
Vitrrfication), Attrition Scrubbing for Radionucilde Decontamination 
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SECTION 3 

PHASE 111 RFI/RI WORK PIAN DATA QUAUTY OBJECTIVES 

The pnmary objective of a RI Is to collect the data necessary to determine the nature, distribution, and 

migration pathways of contaminants The RI also supports the evaluation of remedlal alternatives (U S EPA, 

1987) The frve general goals of an RI are 

1) characterize sde physical features, 

2) deflne contaminant sources, 

3) 

4) 

5) 

determine the nature and extent of contamination, 

describe contaminant fate and transpon, and 

provlde a baseline risk assessment (U S EPA, 1988b) 

Data qualrty objectrves (DQOs) are qualdative and quantdatrve statements which specify the quality and 

quantity of data collection required by the RI (U S EPA, 1987a) Through application of the DQO process, site- 

specdic RI/FS goals are established, and data needs are rdentfied for achieving those goals This section of 

the RFI/RI Work Plan reviews conclusions from the Phase I and I1 RFI/RI as a basis for Phase 111 RFI/RI 

objectlves and dentdies data needs to meet the outlined objectlves 

0 

3 1 PHASE I AND II RI CONCLUSIONS 

Several investigations have been conducted in the vicinrty of the 881 Hillside Area to date as discussed 

in Sections 1 0 and 2 0 General conclusions from these investigations are as follows 

1) 

2) 

Surficlal materials in the area consist of Rocky flats Alluvium, colluvium, and valley fill alluvium 

Bedrock beneath surficlal materials consists of Arapahoe Formation claystones and sandstones 
dipping slightly to the east (less than two degrees) Bedrock materials are weathered below the 
base of surficlal matenals 

3) Unconfined ground-water flow occurs in surficlal matermls, subcropping sandstones, and 
potentlally in weathered subcropping claystones The flow system in surficial materials is not 
fully saturated year round Flow In weathered claystones has not been sufficiently documented, 
and flow directions in subcropping sandstones are poorly defined due to the complex 
stratigraphy 

Confined ground-water flow occurs in deeper sandstones This flow system IS poorly defined 
at this time due to the complex stratigraphy and facies changes 

4) 
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5) 

6)  

Ground-water recharge ocwrs as infiltration of IncMent precipitatlon and flow from dnches and 
surface water drainages 

Discharge from the unconfined ground-water flow system occurs as evapotranspiration, seeps 
and springs at the edge of the Rocky flats pediment, to surface water in Woman Creek and 
South Interceptor Ditch, and to bedrock sandstones and claystones 

Wastes have been buried at IHSS 102 (Oil Sludge PR Site) and IHSS 103 (Chemical Burial 
Site) In addition, wastes were potentially dumped or discharged at the Liquid Dumping Site 
(IHSS 105) and Outfall See (IHSS 106) Organic contaminants have been released from the 
Hillside Oil Leak Site (IHSS 103, and the Multiple Sdvent Spill Site IHSS 119 1 Soil 
contaminated wtth low levels of plutonium has been disposed of at IHSS 130, however, the 
Phase I and II RI dM not detect radionuclide contamination Releases from IHSS 106 (Outfall 
Site) and IHSS 105 (Out-ofSewtce Fuel Oil Tanks) have not been determined based on the 
Phase I and II RI 

7) 

8) Boreholes were drilled wfihln and adjacent to IHSSs in the Phase I and II Rls, and soll samples 
were collected and analyzed for Hazardous Substance List (HSL) organics and metals, 
r a d h d d e s ,  and inorgancs Volatile chlorinated hydrocarbon contamination is apparently 
limned to soils in the vicinQ of boreholes BHOI -87,BH57-87, and BH58-87 However, available 
data were not valdated. and further charactemtion of soils beneath IHSSs is needed 

9) Surficial soils in the area are contaminated wRh plutonium and americium, possibly due to wind 
dispersal of these radionuclMes from the 903 Pad Area Based on soil sampling results, these 
compounds appear to be limited to the surface, although further definition of source area(s) and 
extent of contamination is needed 

10) Results of RI surface water and ground-water sampling at the 881 HillsMe Area indicate that 
major ions, trace metals, and radionuclrdes are present above background Volatile organics 
are also present in ground water downgradient of the 881 Hillside Therefore, further 
characterization of contaminant sources and pathways is warranted 

Ground water in surfichl materlals contains volatile organic compounds The principal volatile 
organics present are PCE and TCE. but several other compounds are present as well The 
extent of these contaminants in alluvial ground water has not been fully determined 

Trace metals including strontium, selenium, nickd, zinc, and others are elevated in the 
unconfined ground-water flow system Uranium is the principal elevated radionuclide in that 
system The source and extent of these contaminants has not been defined 

11) 

12) 

13) Elevated uranium has been detected in the South Interceptor Dttch surface water The sourc8 
of the uranium has not been determined 

14) Although the remedial Investigations have not provlded biological data which specrfically address 
conditions at the 881 Hillside Area, previous studies in that vicinity (903 Pad Area and Plant- 
wide), indicate nondetectable impacts to biota Considering the locally high concentrations of 
contaminants and proximQ of the 881 Hillside to water and feed for wildltfe, further 
characterization of Operable Und No 1 is needed 

3 2 SITE-SPECIFIC PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

Based on the Phase I and I1 RI conclusions and the conceptual sde model presented in Section 2 0, 

the stte-spectfic Phase 111 RFI/RI objectives and associated data needs have been developed (Table 3-1) 

Specdic plans for obtaining the needed data are presented in Section 5 0 (Field Sampling Plan) 

0 
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High quality data will be dected by fdlowing the Rocky flats Plant ER Program Standard Operating 

Procedures (SOP) (EG&G, 1ssOC) and through adherence to the Rocky flats Plant ER Program Quality 

Assurance Project Plan (QAPjP) (EG&G, 199Od) and the General Radiochemistry and Routine Analytical 

Services Protocol (GRRASP) (€G&G, 199Oe) Organic and metal analyses will be performed using CW routine 

analytical sewices (RAS), and other analyses (radionuclides and inorganics) will be performed in accordance 

wtth the GRRASP-specfed methods In addition, analytical methods wRh detection limits below or near 

chemical-speclflc ARARs (see Table 2-1 1) will be used to facilitate comparison of resulting data to ARARs 
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TABLE 31 
PHASE Ill RFI/RI OBJECTIVES AND ACTIVITIES 

Obiectrve ActivrtV 
characte rize Site Phvs ical Feat= 

1) Determine the extent of saturation and - Install additional monrtoring wells and 
ground-water flow directions for the piezometers 
unconfined flaw system both spatially and 
temporally - Maintain a database of water levels from 

which potentiometric surface maps, 
sahrratedthidaressmaps,crosssections, 
and hydrographs can be prepared 

2) Describe the interaction between the 
surface water and ground-water 
pathways 

I 3) Quantlfy materlal properties 

Characterize Contaminant Sources 

1) Characterize the nature and distribution 
of waste materials remaining on-site 

0 

2) Characterize sods beneath wastes as well 
as soils at sites where wastes have been 
removed as potential contaminant 
sources 

3) ldentffy which srtes or subareas of sites 
are sources of contaminants in ground 
water 

Characterize the Nature and Extent of 
Contamination 

1) Determine the horizontal and vertical 
extent of surficiai radlonucilde soil 
contamination due to wind dispersion 

- Compare water levels and water quality 
data from surface water sampling 
locations and ground-water monitonng 
wells to evaluate the interconnection 
between these lwo media Data analysis 
will also rely on ground-water flow 
directions and seep locations 

- Perform aqulferteststodevelop hydraulic 
conductivrty and storage coefficient 
values for surficlal matenals 

- Collect samples from boreholes drilled 
directly through IHSSs where possible 
Collect waste samples as well as sol 
samples from beneath the wastes 
Analyze samples for TCL volatiles, semi- 
vdatiles, and pesticides/PCBs, TAL 
metals, as well as radionucldes and 
inorganics 

- Same as above 

- Install alluvial ground-water monrtoring 
wells dtrectly beneath snes to assess 
ground-water levels and qualw 

- Install alluvial ground-water monitoring 
wells directly up- and downgradient of 
each site to pinpoint the source of 
contaminants 

I 

- Collect surficial soil scrapes in the study 
area following Colorado Department of 
Health sampling procedures and analyze 
for radionuclides 

- Sample vertical soil profiles and analyze 
for radionuclides 
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TABLE 3-1 (continued) 
PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

Obiectrve Acttvnv 
2) Determine the nature and extent of - Install alluvlal ground-water monitonng 

ground-water contamination in surficlal wells in surfichl rnatenals located 
materhls between areas of known ground-water 

contamination and areas wtth no ground- 
water contamination to delineate the 
extent Collect ground-water samples 
and analyze for TCL volatiles, serni- 
vdaties and pestkides/PCBs, TAL 
metals, radionuclides, and inorganics 

3) Determine the location and extent of 
weathered and unweathered sandstone 
units and assocmted contamination 

- 

4) Charactenze surface water qual@ 

Provide A Baseline Risk Assessme nt 

1) Describe Contaminant fate and transport 

2) Assess the threat to public health and the 
environment from the no action remedial 
alternative 

FINAL PMASE I11 RFIlRI YORI PIAN - 881 MILCSIM AREA 
ROCKY FLATS P W T  WIDEN COLORADO 
. a O s \ M 1 \  t-4-**\s*c-3 act 

- Install bedrock monitoring wells in new 
boreholes in which sandstones are 
encountered This will include boreholes 
which were inltially planned for installing 
alluvlai wells, as well as selected 
boreholes planned spectfically to seek 
sandstone Produce east-west and north- 
south geologic and water-level cross- 
sections as data permit Collect ground 
water samples and analyze for TCL 
volatiles. semi-volati les and 
pestictdes/PCBs, TAL metals, 
radionuddes and inorganics 

Continue collection of surface water from 
exWing monitoring statlons on a quarterly 
basis Establish sediment stations 
directly assoclated with the 881 Hillside 
as sediment availabiltty permits Analyze 
samples for TCL volatiles, TAL metals, 
radionuddes, and inorganics Analyze 
surface water samples for both dissolved 
and total metals and radionuclides to 
determine f constnuents are suspended 
or dissolved Continue routine flow rate 
measurements at surface water stations 

- 

- Use existing lnerature and field data to 
describe the physicochemical processes 
associated with site contaminants 
Incorporate Phase 111 results into risk 
analysis 

Prepare a baseline risk assessment as 
part of the RI data analysis based on 
Phase I, II, and 111 RI 

- 
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4 1  

4 1  1 

No 1 

SECTION 4 

REMEDIAL INVESTIGATION/FEASIBIUlY STUDY TASKS 

REMEDIAL INVES TlGATlON TASKS 

Task 1 - Prolect Planning 

The project planning task Includes all efforts required to inttiate this Phase 111 RFI/RI of Operable Unit 

Activities undertaken for this project have induded detaded review of the Phase i and II RI results, 

responses to EPA comments on the FS and Phase I1 RI (Rockwell International, l-), responses to DOE 

comments on the FS, responses to EPA and CDH comments on the draft RI/FS work plan, historical aerlal 

photography, preliminary results of the high resolution selsmic reflection program, and preliminaty evaluation 

of ARARs Results of these activities are presented in Sections 1 (Introduction) and 2 0 (Phase 1 and Phase 

I1 Stte Evaluatlon) 

Two project planning documents, including this Work Plan, have been prepared which pertain to this 

Phase 111 RFI/RI as required by the draft IAG between DOE, EPA, and CDH This Work Plan presents results 

of the project planning task in addition to plans for the Phase 111 RFI/RI A Field Sampling Plan (Section 5) 

presents the locations, media, and frequency of sampling efforts The second document required by the IAG 

is a Sampling and Analysis Plan (SAP) The IAG specrfies that the SAP is to include a QAPjP and SOP for all 

field acttvtties A draft QAPjP for site-wde RCRA and CERCIA activities (EG&G, 1990d) was submnted to the 

regulatory agencies in August 1990 A GRRASP (EG&G, 1990e) has also been prepared which is the scope 

of work for analytical services The current Rocky flats Plant SOPS were submnted to EPA and CDH in August 

1990 (EG&G, 1990~) A Health and Safety Plan (HSP) defining the protocol for protection of field workers 

during Phase 111 operations wdl be submnted as well The HSP will be based on the Health and Safety Program 

Plan currently being finalued based on comments from EPA and CDH 
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4 1 2 Task 2 - Corn munitv Rdatlong 0 
In accordance wlth the draft IAG, the Rocky flats Plant is developing a Communlty Relations Plan to 

Inform and actively involve the public In decislon-making regarding environmental restoration activtties The 

plan will address the needs and concerns of the surrounding communities as Identifled through approximately 

80 Interviews wtth state and local elected officials, business leaders, medical professionals, educational 

representatives, interest groups, media and residents adjacent to the Plant. 

The draft Community Relations Plan will be submitted to EPA and CDH for rewew in November 1990 

In accordance with the draft IAG schedules Accordingly, the site-specdic Communlty Relations Plan is not 

required for Operable Una No 1 Following review by EPA and CDH, the plan will be distributed for public 

review and comment In January 1991 

During the February 1990 public heanng on the IAG, several commentors requested the development 

of an Interim Communlty Relations Plan for implementation untll the final plan is available in mld-1991 This 

draft Interim Communny Relations Plan was prepared and will be implemented by November 1990 

Current ER Program communrty relations activtties include participation by Plant representatives in 

informational workshops, meetings of the Rocky Flats Environmental Monltonng Council, briefings for cltuens, 

businesses and surrounding communities on environmental restoration and monltoring actnritles, and public 

comment meetings on vanous ER Program plans and actions 

The Rocky Flats Plant continues additional efforts to Inform the public of environmental restoration 

activdies and other Issues that relate to Plant operations A Speakers Bureau provldes Plant speakers to crvic 

groups and educational organuations, and a Public Tours program allows the public to vistt the Rocky flats 

Plant The Plant also produces fact sheets and updates on environmental restoration actrvlties for public 

information and responds to numerous public inquiries concerning the Plant 
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4 1 3 Task 3 - Field I n v e m  0 
The Phase I l l  RFI/RI field investigation is designed to meet the objectives outlined in Section 3 The 

following actrvities wdl be performed as part of the field investigation 

Drill and sample soils and wastes wnhln IHSSs, 

Install and sample ground-water monnorlng wells, 

Perform aqutfer tests and geotechnical tests, and 

Collect surface water and sediment samples 

0 

0 

0 

Sample locations, frequency, and analyses are presented in Section 5 All field activdles will be 

performed in accordance wrth the Rocky flats Plant ER Program SOP and QAPjP 

4 1 4 Task 4 - SamD le Analvsis and Da ta Validation 

0 Analytical methods for chemical analyses are provided in the GRRASP (EGBG, 199Oe) Also provided 

In this document are the analytical detection limits 

Data will be reviewed and validated by the EG&G Environmental Monitoring and Assessment DNision 

laboratory validation subcontractor Results of data review and validation actMties wiil be documented in data 

valtdation reports €PA data valtdation functional guidelines will be used for valldating organic and inorganic 

(metals) data (U S €PA, 1988a) ValMatlon methods for radiochemistry and major Ions data have not been 

published by the EPA, however, data and documentation requirements have been developed by ER 

Department The functional guidelines which will be used to evaluate analytical data are presented in the 

QAPjP (EG&G, 199od) and GRRASP (EG&G, 199oe) 

4 1 5 Task 5 - Data Evaluation 

Data collected during the Phase 111 RFI/RI will be incorporated into the existing database and used to 

better define sRe characteristics, source charactenstcs, the nature and extent of contamination These data 

will then be used during the FS to support the evaluation of proposed remedial alternatives 
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4 1 5 1 Sde Characterization 0 
Gedogic and hydrologic data will be incorporated Into existlng sde maps and cross sections Geologic 

data will be used to detail the stratigraphy of surfichl materials and weathered bedrock within source areas and 

to map the eastern extent of paleochannels In the top of bedrock Hydrologic data wlll be used to evaluate 

seasonal variations in water levels, ground-water flow, and the extent of saturated surfichl materials Also 

evaluated will be hydraulic conductivity, storage coefficient, ground-water velocity, and the interaction between 

ground water and surface water 

4 1 5 2 Source Characterzation 

Analyticai data from source boreholes will be used to 

Verify IHSS locations, 

Characterze the nature of source contaminants, 

Characterize the lateral and vertical extent of source contaminants, 

Determine the maximum on-sde contaminant concentrations, and 

Quanttfy the volume of source materials 

4 1 5 3 Nature and Extent of Contamination 

Analytical data from soil, sediment, ground-water, and surface water sampling efforts will be used to 

characterize the nature and extent of contamination The crtteria for the Mentification of contamination will be 

analyte specdic For organic compounds, any detectable concentrations in samples that are not attributable 

to laboratory contamination [defined according to CLP protocol (U S EPA. 1988b)J will be considered likely 

evldence of contamination For inorganic compounds (including radionucirdes) only those concentrations 

which exceed expected concentrations in background shall constdute evldence of contamination The 

statistical techniques which shall be used to compare concentrations of inorganic compounds collected as part 

of the Phase 111 RFI/RI to background concentrations are documented in the Background Geochemical 

Characterization Report (Rockwell International, 19894) Essentlal to the implementation of these statistical 

techniques for ground-water and borehole samples is the classification of each analytical datum by an 
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approprlate geologic unit (such as Rocky flats Alluvium or colluvium) Thk identificatlon of the appropriate 

geologic unlt will be based on gedoglcal data cdlected during the Phase Ill RFI/RI 0 

The extent of contamination will be delineated through the use of contaminant Isopleths maps and 

possibly cross sections The possibility of using kriglng to contour the isopleths of the most widely distributed 

contaminants will be investigated with explicit attention to the assumptions required by kriging (Davis, 1986), 

and krlged contours will be generated only if appropnate investigations to date indicate drfficulty In identrfying 

the source of contamination because of the close proximity of several posslble sources The statistical 

technique of principal component analysis will be investigated as 8 method of identifying the releases from 

ddferent sources The ability to estimate the individual effects of multiple sources at intermediate sampling sltes 

will aid in the mapping of plumes and in the understanding of contaminant transport by the ground-water flow 

system 

Comparisons of analytical data from ground water and surface water will be made to investigate the 

movement of contaminants from one pathway to another Temporal vanations of contaminant concentrations 

in ground water and surface water will be evaluated both for seasonalrty and long-term trends to determine 

contaminant migration rates 

0 

Analytical data from surficial soil scrapes and vertical sod profiles will be evaluated in order to 

characterize the areal and vertical distribution of plutonium and americium contamination at the 881 Hillside 

Area 

4 1 6 Task 6 - Baseline Risk Assessment 

A baseline risk assessment will be prepared for the 881 Hillside Area as part of the Phase 111 RFi/RI to 

evaluate the potential threat to the public health and the environment in the absence of remedml action A risk 

assessment was previously prepared as part of the draft FS (Rockwell International, 1988b) The baseline risk 

assessment will evaluate data collected during Phase 111 and use information, as appropnate, developed in the 

original risk assessment The baseline risk assessment will provlde the basis for determining whether or not a 
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remedial action is necessary in the area and serve as the justification for performing remedial a a n  (U S EPA. 

1988b) 

Several objectives will be accomplished under the nsk assessment task including dentrfication and 

characterization of the following (U S EPA, 1988b) 

toxlctty and levels of hazardous substances present In relevant media (e g , air, ground water, 
SOU, surface water, sediment, and biota), 

environmental fate and transport mechanisms withln specific environmental media such as 
physical, chemical, and biological degradatlon processes and hydrogeological conditions, 

potential human and environmental receptors, 

potential exposure routes and extent of actual or expected exposure, 

e 

0 

0 extent of expected impact or threat, and the likelihood of such impact or threat occurnng (i e, 
risk characterization), and 

e level($ of uncertainty assoctated with the above 

The public health risk assessment and the environmental evaluation will be performed in accordance 

wrth EPA and other guidance documents listed in Table 4-1 The nsk assessment will address the potential 

public health and environmental impacts assoctated wRh the srte under the no-actlon alternative (no remedial 

action taken) This assessment will ad in the selection of site remedies based on the contaminants of concern 

and the environmental media associated with potential risks to public health and the enwronment 

0 

4 1 6 1 Public Health Evaluation 

The risk assessment process IS divided into four tasks (U S EPA, 1988b), including 

e Contaminant identrfication, 

0 Exposure assessment, 

0 Toxiclty assessment, and 

0 Risk characterization 

The task objectives and descnption of work for each task are described bdow 
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TABLE 4-1 

b 

b 

b 

b 

0 b 

b 

EPA GUIDANCE DOCUMENTS WHICH WILL BE USED 
IN THE RISK ASSESSMENT TASK 

Risk Assessment Guidance for Superfund, Human Health Evaluation Manual Part A, Interim Final (U S 
EPA, 1989a) 

Superfund Exposure Assessment Manual (U S EPA, 1988c) 

Exposure Factors Handbook (U S EPA, 1989b) 

The Endangerment Assessment Handbook (U S EPA, 1985) 

CERCLA Compllance Wlh Other Laws Manual (U S EPA, 1988d) 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (U S EPA. 
1988b) 

Ecological Assessment of Hazardous Waste Sites A Field and Laboratory Reference (U S EPA, 1989c) 

Risk Assessment Guidance for Superfund - Environmental Evaluation Manual (U S EPA, 1989d) 

Data Quality Objectlves for Remedial Response Actfvltles Development Process (U S EPA, 1987) 

EPAs Integrated Risk Information System (IRIS) (U S EPA, continuously updated) 

Health Effects Assessment Summary Tables (HEAST) (U S EPA, updated quarterly) 

Office of Solid Waste and Emergency Response (OSWER) Directlve on Soil Ingestion Rates (U S EPA, 
1989e) 

Superfund Risk Assessment Information Directory (RAID) (U S EPA, under revision) 



Contaminant Identiflcatia 0 
The objectwe of contaminant Menttficatlon Is to screen the Information that Is available on hazardous 

substances or wastes present at the sde and to identrty contaminants of concern to focus subsequent efforts 

in the risk assessment process Previous work characterizing aspects of the Rocky Flats Plant and the 

surrounding area has been done Additional sampling and analysis of vanous media will take place in order 

to support the human health risk assessment, the ecological assessment and to characterize the sde For 

thisrisk assessment, all chemicals detected above background concentrations in siteassociated media at 

Operable Und No 1 will be treated as sde contaminants for the purpose of public health evaluation These 

include 

e Chemicals posnively Menttfied In one or more samples in a grven medium, 

Chemicals which have been tentatrveiy ldentlfied and have historically been associated under 
the site or confirmed by special analysis 

The potentlal transformation products of sde-assoclated chemicals will be consdered to the extent 

possible by the availabilw of chemical-specflc transformation data and information regarding sde specfic 

environmental conditions (e g , potential for biodegradation) 

0 

All chemicals present below background will be eliminated from further consderation In adddion, after 

the completion of the exposure assessment, any site contaminants which appear to have no potential for 

exposure will not be evaluated All chemicals that are deleted and the rationale for their deletion will be 

discussed 

Exwsure Assessment 

The objectives of the exposure assessment are to identtfy actual or potential exposure pathways, to 

characterize potentially exposed populations, and to determine the extent of exposure An exposure pathway 

is comprised of four elements 

1) a source and mechanism of chemical release to the environment. 
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2) an environmental transport medium or media (eg,  air, ground water) for the released 
constituent. 

3) a point of potential contact of humans or biota wlth an affected medium (the exposure point), 
and 

4) an exposure route (e g , inhalation of contaminated dust) at the exposure point 

The exposure assessment process will lndude the following actions 

8 analyze the probable fate and transport of compounds for both the present and the future uses, 

Identify the human populations in the area, typical activities that would influence exposure, and 

Mentify potenthl exposure pathways under current and future land use condltions, 

8 

sensttive population subgroups, 
8 

8 develop exposure scenarios for each identdied pathway and select those scenanos that are 
plausible, 

identify scenanos assuming both existing and potentlal future uses, and 

Mentlfy the exposure parameters to be used in assessing the risk for all scenanos 

8 

8 

Appropnate exposure scenarios will be tdentdied for the sde based on current and future receptor 

subpopulations, including resldents Another subpopulation which could potentially be considered is on-stte 

workers Factors to be examined in the pathway and receptor Mentdication process will include 

0 

Location of contaminant source, 

Local topography, 

Meteorology, 

Local geohydrology/surface water hydrology, 

Surrounding land use, 

Local water use, 

Prediction of contaminant migration, and 

Persistence and mobility of migrating contaminants 

For each migration pathway and for current and future conditions, receptors will be Mentdied and 

charactenzed Potential receptors will be defined by the appropnate exposure scenanos 

0 
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To assess the potentmi adverse health effects associated with access to the slte, the potential level of 

human exposure to the selected chemicals must be determined Intakes of exposed populations will be 

calculated separately for all appropriate pathways of exposure to chemicals Then for each population-at-risk, 

the total chronic Intake by each route of exposure will be calculated by adding the Intakes from each pathway 

Total oral, Inhalation, and dermal chronic exposures will be estimated separately Chronic daily intakes will be 

calculated based on the upper 95 percent confidence limit of the exposure data 

e 

In general, chemical intakes will be estimated using available region-spectflc exposure parameters 

developed by the EPA. Any devlatlon from these parameters wlll be documented and submitted to the regional 

€PA office for approval prior to preparation of the nsk assessment 

Toxicitv Assessment 

In accordance wdh EPA's risk assessment guldellnes, the projected concentrations of all chemicals 

above background at exposure points wll be compared with ARARs to judge the degree and extent of risk to 

public health and the environment (including plants, animals, and ecosystems) Because many ARARs do not 

exist for certain media (such as soils) nor are all ARARs necessarily health based, this comparison is not 

sufficient in dself to satisfy the requirements of the risk assessment process Moreover, receptors may be 

exposed to contaminants from more than one medium so that their total doses might exceed risk reference 

doses (RfDs) and/or might result in an excess cancer risk greater than an acceptable target risk as defined 

by €PA (i e ,  10 -' to 10 -4) Nevertheless, the cornpanson with standards and critena is useful in defining the 

exceedance of institutional requirements Asde from the ARARs listed in Table 2-13, the following cntem will 

be examined 

e 

0 drinking water health adwsones, 

ambient water qualrty crneria for protection of human health, 

Center for Disease Control and Agency for Toxic Substances and Disease Registry soil 
advisories, and 

0 

0 National Ambient Air Qualrty Standards 
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Critical toxicq values (i e ,  numencal values derived from dose-response information for indMdual 

compounds) will be used in conjunctlon with the intake determinations to characterize risk Toxicity reference 

values from EPA's Integrated Risk Information System (IRIS) will be used in preference to other EPA reference 

values 

0 

A summary of any toxicological studies performed will be provided for all chemicals above background 

in the baseline risk assessment The quality of these studies and their usefulness in estimating human h d h  

risks will be described A more detailed explanation of the toxic effects of target chemicals will be provided 

in the appendices to the human health risk assessment and the environmental evaluation Toxicny reference 

values will also be summarized For the human health risk assessment, this will include a bnef description of 

the studies upon which selected reference values were based, the uncertainty factors used to calculate RfDs, 

and the EPA weight-of-evidence classfication for carcinogens For those chemicals without EPA toxicity 

reference values, a literature search, including computer data bases, will be conducted for selected chemicals 

A toxictty value will then d possible, be derlved from this Information €PA and CDH will be consulted regarding 

the appropriateness of the data and the methoddogies to be used in deriving reference values Uncertainties 

regarding the toxicity assessment will be discussed 
0 

Two different types of critical toxictty values will be used 

Risk reference doses (RfDs) for chronic exposure, and 

0 the carcinogenic potency factor (for carcinogenic chemicals only) 

Risk Characterization 

Risk characterization involves integrating exposure assumptions and toxictty information to quantitatively 

estimate the nsk of adverse health effects Risk characterization will be performed in accordance with EPA 

guidance 

Noncarcinogenic risk will be evaluated by comparison of contaminant Intakes at exposure points to 

chronic reference doses for protection of human health Carcinogenic risk will be quantmed using carcinogenic 
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potency factors Risk will be qualitatively evaluated for those contaminants for which quantitative evaluation 

is not possible 
0 

An uncertainty analysis will be performed to identtfy and evaluate non-site and site specdic factors that 

may produce uncertainty in the nsk assessment, such as assumptions inherent in the development of 

toxicological endpoints (potency factors, reference doses) Moreover, site-specdic factors which may produce 

uncertainty will also be discussed 

The results of the baseline risk assessment wll be used to define and evaluate the remedial alternatives 

during the FS 

4 1 6 2 Environmental Evaluation 

The objectwe of the environmental evaluation for Operable Unit No 1 is to determine if the 

contaminants have caused or are causing any adverse environmental impact Data will be collected to help 

determine the bio availabilw of contaminants to terrestrlal and aquatic flora and fauna surrounding the site 

That information, and data on the habltats and key ecological endpoints for those habltats will subsequently 

be used in the ecological risk assessment A separate environmental evaluation work plan has been prepared 

by EG&G and is presented in Section 6 which specifies more detailed plans for the environmental evaluation 

0 

The environmental evaluation will be conducted according to guidance in the 'Risk Assessment 

Guidance for Superfund", Vdume 11, Environmental Evaluation Manual (U S EPA, 1989d) Previous studies, 

including a radioecology study (Rockwell International, 1986f) and a Final Environmental Impact Statement 

(U S DOE, 1980), as well as soils, sediment, and surface water chemical data and other biologically-important 

parameters measured during other components of this RI, will be used to assess current and future ecological 

impacts from Operable Unit No 1 Additional field and laboratory activities planned for this investigation will 

be necessary to determine what effect contaminants at the 881 Hillside Area are having on the area's flora and 

fauna This will indude tissue analyses of selected species to assess the exposure of these potential receptors 

to site contaminants Field assessments of communw organtation, and the use of biomarkers where 

applicable (e g reproductive success studies) will supplement these data 
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Field surveys of aquatic invertebrates in Woman Creek and terrestrral organisms found within the 881 

Hillside Area will be conducted to determine if these organisms have been adversely affected by contaminants 

at the site The aquatic survey will include an evaluation of biomass, relative abundance, species richness, and 

communty evenness The upper reaches of Woman Creek will be evaluated for use as a reference area for 

cornpanng results from the site survey Similarty between stations will be evaluated using statistically 

approprate indices (Sorenson and/or Jaccard coefficients and Van Horn Index of Similarity) 

In addition to the study of direct impacts on the macroinvertebrates using the stream as primary habitat, 

the potential for indirect effects on wildlife using the surface water for feeding and drinking will be evaluated 

to the extent data allow The terrestrial survey will estimate numbers of resident species, and make note of 

their food habits This information will be used to develop food web models and exposure-receptor pathway 

models to evaluate the transport of contaminants from the 881 Hillslde Area to biological receptors 

Estimates of toxiclty in environmental medla may be either chemistry- or toxclty-based A chemistry- 

based approach will include comparison of on-site water, air, soil, and/or sediment analyses with available 

literature data to estimate toxicity For this evaluation toxicological endpoints for indicator or target species 

will be chosen based on a review of available laboratory toxicity tests provlding quantitative data for species 

of concern In the absence of toxicological indices for the target species, toxicological endpoints will be 

derived using safety factors that reflect interspecies extrapolation, acute-tochronic extrapolations, and added 

protection for endangered and/or threatened species If this analysis fails to explain the contaminant impact 

on biota, the toxiclty-based approach may be used This approach involves measurements of the biological 

effects associated with exposure to complex mixtures Toxicty testing generally includes the use of acute and 

chronic toxiclty methods 

0 

Biochemical or physiological responses (biomarkers) in individual organisms can provide sensttive 

indices of exposure or sublethal stress The evaluation of biomarkers can therefore provide an understanding 

of the dynamics of communty structure, such as abundance, diversty and nutnent utilization Biomarkers for 

sublethal stress include overt symptomdogy such as skeletal abnormalities (lordosis, scoliosis), gas exchange 

in plants, and measurable processes at the cellular and molecular level such as enzyme function Examples 
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Biochemical or physldoglcal responses (blomarkers) In indMdual organisms can provide senSntve 

indices of exposure or sublethal stress The evaluation of blomarkers can therefore provide an understanding 

of the dynamics of communny structure, such as abundance, dkersrty and nutrient utilization Blomarkers for 

sublethal stress include overt symptomdogy such as skeletal abnormalities (lordosls, scdlosis), gas exchange 

In plants, and measurable processes at the cellular and molecular level such as enzyme function Examples 

of blomarkers that may be considered for this assessment lndude microblai bioassay (microtox) and enzyme 

function In small mammals [amlndenrllnlc acid dehydrase (AIAD)) Procedures to be used for the field and 

laboratory activitles are presented In the 'Ecdoglcal Assessment of Hazardous Waste Sites A Field and 

Laboratory Reference (U S EPA, 1989c) 

0 

Conclusions of the enwonmental evaluation will be presented along wdh a discussion of the success 

in meeting the study objectives and of the sources and degree of uncertainty in reaching those conclusions 

4 1 7 Task 7 - Treatabilitv Stud ies/Pilot Testing 

A draft Treatability Studies Plan (TSP) (EG&G, 1- was prepared and submitted to the regulatory 

agencies in September 1990 In accordance with the draft IAG schedule This document provldes 

comprehenstve plans for treatability studies designed for remediatlon of waste sources, soils, and water at all 

operable unds at Rocky flats Plant The Treatabilrty Studies Program that is addressed by the 'lSP will serve 

to determine the operability, reliabilrty, cost-effectrveness, and overall implementabilrty of technologies that are 

appropriate for the types of contaminants and contaminated medla at the Plant but are not adequately proven 

The Treatabilw Studies Program Is drvMed into two components which separately address practical 

(i e , conventional) technologies and innovative/emerging technologies The separation of the two programs 

allows immediate start on the testing of practical technologies and provides a framework for addressing 

emerging technologies as they become available The TSP identmes practical technologies that are applicable 

to the Rocky flats Plant contamination, screens these technologies to determine candidates for treatabilrty 

studies, and provides statements of work for each candidate treatability study Subsequently, work plans will 

be prepared for conduct of the treatabllhy studies The treatability studies will then be performed, and a 
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TABLE 4-2 

TECHNOLOGIES IDENTIFIED FOR TREATABILITY STUDIES 

Inoraanics. Radionuclides. and Met& 

Oxidation/Reduction and appropnate separation 

Inoraanics. Rad ionucltdes. and Me tais in Soil 

Physical Separation (screening, classdication, flotation, grawty concentration) 

Soil Washing (water, acd, chelating agents) 

Soilddication/Stabilization (silicate-based, pozzolanic-based) 

Oraantcs in Soil 

Biological Treatment (bench-scale for semrvolatiles) 
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Practical Treatability Studies Report (draft report due in May 1993) may not permtt full utilization of this 

information for the Operable Unit No 1 CMS/FS report (draft report due in March 1993) However, the draft 

IAG schedule for Operable Unit No 1 calls for scoping of treatability studies specific to Operable Unit No 1 

beginning in February 1992. wlth studies completed by October 1992 During the scoping of treatability 

studies, the need to acquire additional data on the practical technologies as well as the need to conduct 

treatability studies for innovative/emerging technologies applicable to Operable Untt No 1 will be determined 

Work plans will be subsequently prepared, as approprtate 

0 

4 1 8 Task 8 - Remedial Investlaation ReDort 

A Draft Phase 111 RFI/RI Report will be prepared to consolidate and summarize the data obtained dunng 

Phases I ,  I I ,  and 111 RI field work This report will 

Describe in detail the field acttvities which serve as a basis for the RI report This will include any 
deviations from the work plan which occurred during implementation of the field investigation 

Thoroughly discuss stte physical conditions This discussion will Include surface features, 
meteorology, surface water hydrology, surficlal geology, ground-water hydrology, demography 
and land use, and ecology 

Present sde charactenzation results discussing the nature and extent of contamination as well 
as contaminant migration rates The media to be addressed will include contaminant sources, 
soils. ground water, surface water, air, and biota All relevant quarterly ground water and surface 
water data collected at the plant will be used in this assessment 

Discuss contaminant fate and transport This discussion will include potential migration routes, 
contaminant persistence, and contaminant migration 

Present a baseline risk assessment The risk assessment will include human health and 
environmental evaluations 

Present a summary and conclusions 

4 2 FEASIBILITY STUDY TASKS 

A CMS/FS is planned for the 881 Hillside Area to evaluate remedial alternattves for clean up of 

Results of the Phase 111 RFI/RI and baseline risk contaminated soils, ground water, and surface water 

assessment will indicate to what extent other remedial action is necessary for Operable Unit No 1 
0 

FINAL PHASE III  RFX/RI YORK PUN - 881 HILLSIDE AREA 
ROCKY FLATS P U N T  GOLDLN COLORAW 

&ih i 



As discussed in Section 2 5, the draft FS was incomplete In addressing the full extent and nature of 

contamination The organization of the draft report is also not consistent wdh more recent EPA guidance 

[Guldance for Conductlng Remedial Investigations and Feasibiltty Studies Under CERClA (U S EPA, 1988b)l 

This section descrtbes the tasks to be performed that conform with the EPA guidance 

0 

The CMS/FS process occurs in two phases The first phase consists of developing and screening 

remedlal alternatives, and the second phase includes a detailed analysis of alternatives (U S EPA, 1988b) 

Each of these two phases is discussed in the fdlowmg sections 

4 2  1 Task9 - Remedial Altematrves OeveloDmen t and Sc reening 

The goal of this task is to Mentdy and screen remedial alternatrves The work consists of four parts 

ldentrfying remedlal technologies, 

0 Screening remedlal technologies, 

0 Developing remedial altematrves, and 

b Screening remedd alternatives 

General response actions that may prove approprlate at the sde were dentdied in Section 2 5 These 

general response actions were ldentrfied in order to determine data gaps to be addressed in RI acttvities For 

each response action, potentially applicable remedlal technologies were tdentlfied These are also presented 

in Section 2 5 As the Phase 111 RFI/RI progresses, addnional potentially applicable technologies may be 

determined 

During screening, the broad expanse of potentally applicable technology types will be narrowed by 

eliminating those technologies that are not technically implernentable Based on contaminant concentrations 

and other ate-spec& information contained in the Phase 111 RFI/RI, non-implementable technology types will 

be screened and eliminated from further consideration 
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Techndogy process options wll then be screened in order to select a representative process option 

for each technology type that is technically implementable Process options are compared and eliminated 

based on their effectrveness relathre to other processes within the same technology type The screening is 

based on the vdume of medla to be treated, achievement of remedlation goals, potentlal impacts on human 

health and the environment, and the proven performance and reliability of the option considering the 

contaminants and stte charactenstics In addRion to effectiveness, the process options will also be evaluated 

based on administratwe feasibillty and relatlve cost 

0 

To develop alternatives, general response actions and the process options that are representative of 

the various technology types for each medium will be combined to form altematrves for the operable unit In 

general, more than one response action is applicable to each medium Response actions and process options 

will be assembled based primanly on medium-specdic consderations and implementabiltty Descriptions of 

each alternative wdl be developed for inclusion in the CMS/FS report 

Dunng alternative screening, the developed alternatives will be evaluated to ensure that they protect 

human health and welfare and the environment from each potential pathway of concern at the operable unit 

Treatment rates will be tdentdied, and the sue and configuration of on-stte extraction and treatment systems 

or containment structures will be developed The time frame in which treatment, containment or removal goals 

can be achieved mll be determined Lastly, spatial requirements for treatment unns, containment structures, 

staging of construction materials, excavated wastes, etc will be determined If there are off-sne actions such 

as surface water discharge, a regulatory review will be conducted to determine permtt and compliance 

requirements 

0 

Alternatrves will then be further defined to provide sufficient information to differentiate among 

alternatives wtth respect to effectweness, implementability and cost Each alternative will be evaluated to 

determine tts effechveness in protecting human health and the environment, and in reducing toxicity, mobility 

or volume of hazardous wastes or contaminated medla As a consequence of reducing the toxicity, mobility 

or volume, the inherent threats or nsks associated wtth wastes are decreased 
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lmplementablllty is a measure of both the technical and administratwe feasibility of constructing, 

operating and maintaining a remedial action alternatwe It is used during screening to evaluate the 

combinations of process options wlh respect to the sle-specrfic condlions Technical feasibiltty refers to the 

ability to construct, rellably operate and comply wdh action-specrfic (technology-specrfic) requirements in order 

to complete the remedlal action Administrative feasibility refers to the ability to obtain required permds and 

approvals, to obtain the necessary semces and capacty for treatment, storage and disposal of hazardous 

wastes, and to obtain essentbl equipment and technical expertise 

0 

Cost estimates for screening will be derived from cost curves, genenc unit costs, vendor information, 

conventional cost estimating guides and prior estimates made for Rocky flats and similar sites, with 

moddications made for Rocky Flats Plant conddions Absolute cost accuracy is not necessary The cost 

estimates for the altematwes however, will have the same relative accuracy for comparison and screening 

The cost estimating procedures used dunng screening are similar to those that will be used during the later 

detailed alternatives analysis The later detailed analysis however, will recewe more in-depth and detailed cost 

estimates of the components of each alternative The screening cost estimates will Include capital, operating, 

and maintenance costs The operating and maintenance costs will be calculated for the lifetime of the 

treatment unit operation at the sle Present worth cost analysis will be used for alternatives in order to make 

0 

the costs for the various alternatwes comparable 

Alternatives wdh the most favorable results from the composde evaluation will be retained for further 

scrutiny dunng the detailed analysis Not more than ten alternatwes will be retained for detailed analysis 

(including containment and no action) At that time, l may be determined that additional site-specdic 

information or technology-specdic treatabiilty studies are necessary for an objectwe detailed analysis Also. 

d will be necessary to Mentlfy and vertfy the action-speclfic ARARs that each respective alternative will be 

required to meet 

4 2 2 Task 10 - Detailed Analvsis of Remedial Alternatlveg 

The detailed analysis is not a decision-making process, but it IS the process of analyzing and comparing 

relevant Information in order to select a remedial action Each alternative will be assessed against nine 
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evaluation critena, and the assessments will be compared to Menttfy the key tradeoffs among the alternatlves 

Assessment against the nine evaluation cntena is necessary for the CMS/FS and the subsequent Correctwe 

Action Decision (CAD)/Record of Decision (ROD) to comply with the requirements of RCRA/CERCLA 

0 

4 2 2 1 Alternative Analysls Against Nine Evaluation Criteria 

Overall Protection of Human Health and the Environment 

The altematlves will be individually analyzed to determine d the alternatrve provides adequate protection 

of human health and the environment The protectiveness evaluation focuses on how the risks posed by each 

pathway are being eliminated, reduced or controlled by treatment, engineering or instdutional measures 

Comoliance with ARARs 

Each alternative will be analyzed to determine whether it will comply with all state and federal ARARs 

that have been ldentlfied The analysis will address compllance with chemical-spectfic, location-specific and 

action-specdic ARARs If an alternative will not comply with an ARAR, the CMS/FS report will present the basis 

for justdying a walver 

0 

Lona-Term Effectlveness and Permanence 

This criterion assesses the risks that are left at the site after the response objectwes have been met 

The risks associated with any remaining untreated wastes or treatment residuals will be evaluated For each 

alternative, the magnitude of the residual risk, and the reliability and adequacy of the controls used to manage 

untreated wastes and treatment residuals will be addressed 

Reduction of Toxic~tv. Mobilitv or Volume Throuah Treatment 

This criterion evaluates the statutory preference of selecting remedial actions that permanently reduce 

toxicity, mobility, or volume of the hazardous materials Factors evaluated for each alternative will include the 
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proposed treatment process and the materials treated, the quantity of mateds to be treated or destroyed, and 

how the primary hazardous threat will be addressed, the estimated degree of the reduction in toxicity, mobility 

or volume that will be achieved, the extent tu which the treatment will be irreversible, the type and quantity of 

treatment restduals that will remain following treatment, and a determination d the altematlve will comply with 

the statutory preference for treatment 

e 

Short-Term Effectiveness 

Short-term effectrveness refers to the effects an alternative may have dunng the construction and 

implementation phases until the cleanup objectlves have been achieved Altemattves will be evaluated to 

determine the effects on human health and the environment dunng implementation Each alternattve will be 

assessed against the following factors protection of the communtty and workers during the remedial action, 

environmental impacts, and the time required to achieve the remedlal action objectlves 

lmdementability 0 
This crderion assesses the technical and administrative feasibiltty of implementing - an altername, and 

the availabiltty of the necessary services and materials The following factors will be analyzed during the 

irnplementabil~ty assessment the technical feasibillty of construction and operation, the reliability of the 

technology, the practicabilrty of employing addltional remedial actions, the ability to mondor the effectrveness 

of the remedial action, administratwe coordination with other offices and agencies, the availability of adequate 

off-site hazardous (or mixed) waste treatment, storage and disposal, and the availability of equipment, expertise 

and other services and materials 

An indepth cost estimate will be conducted, and d necessary, a cost sensdrvty analysis will be 

prepared to evaluate costing assumptions Capital costs include direct construction costs and indirect non- 

construction costs and overhead costs operating and maintenance costs are incurred alter construction in 

order to operate the remedial action on a continuous basis until the remedlal action objectives have been 
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achieved CMS/FS cost estimates are expected to be within an accuracy range of minus 30 percent to plus 

50 percent If this accuracy cannot be achieved, it Hnll be stated In the CMS/FS report 
0 

A cost sensltlvity analysis may be conducted to determine the effect that specdic cost assumptions have 

on the total estimated cost of an alternative The cost assumptions will be based on site-specrfic data, 

technological operating data, etc although the assumptions will be subject to varying degrees of uncertainty 

depending on the accuracy of the data 

State Acceotance 

This crlterion addresses the state’s administrative and technical issues and concerns with each of the 

alternatlves 

Communlhr Acceotance 

CommunQ acceptance addresses the public’s concerns and issues with each of the alternatives 

4 2 2 2 Comparison of Alternatlves 

The CMS/FS report will contain a narrative discussion of each alternatlve’s evaluation against the nine 

crltena The narrative will describe how each alternative addresses the technical treatability issues, long-term 

and short-term effectiveness, costs, protection of human health and the environment, compliance with ARARs, 

etc Once the alternatives have been described, a comparative analysis will be conducted to evaluate the 

relative performance of each alternative The relative advantages and disadvantages of each alternatlve with 

respect to the other alternatives will be determined in order to assess the key tradeoffs that must be made in 

selecting a remedial action A candidate alternatlve must generally attain the primary objectives of compliance 

wlth ARARs and overall protection of human health and the environment in order for It to be eligible for 

selection as the remedial action A narrative discussion of the alternatlves compaflson describing the tradeoffs, 

and the benefRs and detriments of each alternative in comparison to the others will be Included in the CMS/FS 

report 
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Fdlowing completion of the CMS/FS process, the results of the detailed alternatrves comparison and 

risk management will be used as the rationale for selecting a preferred alternatrve and a remedlal action 

Although the purpose of the CMS/FS report and process is not to select a remedial action, it will present and 

evaluate the alternatives in sufficient detal in order to objectively conslder all slgnlflcant issues and select a 

feasible. cost-effectnre and defensibie remedtal action 

4 2 3 Task 11 - Feasibiltlv Studv Rewq 

The CMS/FS Report will present the results of the feasibility study The report will include sections 

describing site background, nature and extent of problem, results of the RFI/RI, risk assessment and 

environmental evaluation, identdication, screening and detailed evaluation of remedial alternatives, and the 

recommended remedlal actions This task includes preparation of a Draft CMS/FS report, and preparation of 

a Final CMS/FS that incorporates EPA and CDH comments An outline for the CMS/FS report is shown in 

Table 4 3  0 

n 
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TABLE 43  

CMSjFS REPORT FORMAT 

Executtve Summary 
1 Introduction 

1 1 
1 2 

Purpose and Organization of Report 
Background Information (summarued from RI Report) 
1 2 1 Site Descnption 
1 2 2  Sne History 
1 2 3 
1 2 4 
1 2 5 

Nature and Extent of Contamination 
Contaminant Fate and Transport 
Baseline Risk Assessment 

2 ldentdication and Screening of Technologies 
2 1 Introduction 
2 2 Remedial Action Objecttves 

Present the development of remedial action objecttves for each medium of interest (I e , ground 
water, sod, surface water, air, etc ) 
For each medium, the following should be discussed 

Contaminants of interest 
Allowable exposure based on risk assessment (including ARARs) 
Development of remedlation goals 

2 3 General Response Actions 

2 4 

For each medium of interest, describes the estmatlon of areas or volumes to whxh treatment, 
containment, or exposure technologies may be applied 
Identification and Screening of Technology Types and Process Options - For each medium of 
interest, described 
2 4 1 
2 4 2 

Identification and Screening of Technologies 
Evaluation of Technologies and Selection of Representatwe Technologies 

3 Development and Screening of Alternatrves 
3 1 Development of Alternatrves 

3 2 Screening of Alternatives 

Describes rationale for combination of techndogies/medla into alternattves Note This 
discussion may be by medium or for the site as a whole 

3 2 1 introduction 
3 2 2 Alternative I 

3 2 3 Alternative 2 

3 2 4  Alternatwe3 

3 2 2 1 Description 
3 2 2 2 Evaluation 

3 2 3 1 Description 
3 2 3 2 Evaluation 

4 Detailed Analysis of Alternatives 
4 1 Introduction 
4 2 lndtvidual Analysis of Alternatrves 

4 2  1 Alternative 1 
4 2 1 1 Description 
4 2 1 2 Assessment 

4 2 2 Alternative 2 
4 2 2 1 Description 
4 2 2 2 Assessment 

4 2 3 Alternatlve 3 
4 3 Comparative Analysis 
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TABLE 4-3 

CMS/FS REPORT FORMAT 

Executlve Summary 
1 Introduction 

1 1 
1 2 

Purpose and Organuation of Report 
Background ldormatlon (summanzed from RI Report) 
1 2 1 Site Description 
122 Sne History 
1 2 3 Nature and Extent of Contamination 
1 2 4 Contaminant Fate and Transport 
1 2 5 Baseline Risk Assessment 

2 Identification and Screening of Technologies 
2 1  Introduction 
2 2 Remedd Action Objectives 

Present the development of remedlal action oblectives for each medium of interest (i e , ground 
water, soil, surface water, air, etc ) 
For each medium, the fdiowing should be discussed 

Contaminants of interest 
Allowable exposure based on risk assessment (including ARARs) 
Development of remediation goals 

2 3 General Response Actions 

2 4 

For each medium of interest, describes the estimatron of areas or volumes to which treatment, 
containment, or exposure technologies may be applied 
identification and Screening of Technology Types and Process Options - For each medium of 
interest, described 
2 4 1 
2 4 2 

identification and Screening of Technologies 
Evaluation of Technologies and Selection of Representatwe Technologies 

3 Development and Screening of Alternatives 
3 1 Development of Altematlves 

3 2 Screening of Altematlves 

Describes rationale for combination of techndogies/medm into aiternatlves Note This 
discussion may be by medium or for the site as a whde 

3 2 1 Introduction 
3 2 2 Altematlve 1 

3 2 3  Atematwe2 

3 2 4  Alternative3 

3 2 2 1 Description 
3 2 2 2 Evaluation 

3 2 3 1 Description 
3 2 3 2 Evaluation 

4 Detailed Analysis of Alternatlves 
4 1 Introduction 
4 2 lndhrldual Analysis of Alternatlves 

4 2 1 Alternatlve 1 
4 2 1 1 Description 
4 2 1 2 Assessment 

4 2 2 Alternative 2 
4 2 2 1 Description 
4 2 2 2 Assessment 

4 2 3 Alternative 3 
4 3 Comparative Analysis 
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SECTION 5 

PHASE 111 RFI/RI FIELD SAMPLING PLAN 

The overall objectives of the Phase 111 RFI/RI are source characteruation and better definition of the 

nature and extent of soils, alluvial ground water, bedrock ground water, and surface water contamination 

Within these broad objectwes, slte specdic data objectives and needs have been dentdied in Section 3 The 

purpose of this section is to provide a detailed field sampling plan which will satisfy these data objectwes and 

needs 

All fleld operations will Include appropriate measures to protect the environment and field workers as 

specdied in the Operational Safety Analysis document prepared by EG&G (1989) The most current version 

of this document wlll be consulted at the time field operations begin Such precautions may include, for 

example, predrilllng screening for radionuclide and other hazards, containenzation of drill cuttlngs and/or 

ground water that is removed from wells for pre-sample purging, and monnoring and/or mltigation of ambient 

air hazards during field work 0 
5 1  SOURCE CHARACTERIZATION 

Further source characterization is required for sltes within Operable Unt No 1 Boreholes will be drilled 

into IHSSs to characterize any waste materials remaining in place and to assess the maximum contaminant 

concentrations in soils directly beneath the sites In addltion, ground-water momtoring wells will be installed 

adjacent to some of the boreholes to characterize ground-water qualtty directly beneath the sttes This section 

discusses those wells and boreholes which will be drilled for source characterization Wells to be drilled 

outside of IHSSs for characteruing the extent of contamination are discussed in Section 5 1 2 All proposed 

Phase 111 RFI/RI wells are shown on Figure 5-1 Drilling, sampling, and well installation will follow the Rocky 

Flats Plant ER Program SOP (EG&G, 1990~) 

Boreholes to be drilled into IHSSs will extend from the ground surface to the base of weathered 

bedrock Continuous samples will be collected for geologic descriptions for the entire borehole depth From 

this core, discrete samples will be submitted for laboratory chemical analyses every two feet from the ground 
0 
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srwface to thewateftable In addltlan, a discrete sample WYI be wbtnitted for tabomtory chemical analysis if 

staining, discdoration, orodarkobserveddwbrgdrilllng Ad&cmtesamplewilldsobecdlectedforchemical 

analysis at the water table Core from saturated surficlal materials will no! be submitted to the labommy, as 

the presence of water In this zone wll affect lnterpreration of Ch8mical resuits In order to prevent alluvial 

ground water from affecting weathered bedrock samples, surface casing will be grouted into the borehole 

through surficial materials Subsequent to grout hardening, the borehole will then be advanced through 

weathered bedrock with continuow sampling Discrete samples from the core will be submitted to the 

laboratory for chemical analysis from two feet immediately below the casing and every four feet thereafter to 

the base of weathering To further characterize weathered bedrock immediately beneath the sites, fracture 

patterns (both degree of fracturing and vertlcal extent) will be noted on the borehole logs and In situ packer 

tests will be performed In the bedrock where drilling conditions allow 

e 
I 

Alluvial ground-water monitoring wells Hllll be Installed adjacent to some borehdes to characterize 

ground-water qualw directly beneath IHSSs In addition, bedrock wells wdl be installed adjacent to boreholes 

where weathered sandstone Is encountered to evaluate the potential downward migration of contaminants 

Wells will be drilled, sampled, and completed in accordance with the Rocky Flats Plant ER Program SOP 

(EG&G, 1990~) Source characterization borehole and monitor well locations are discussed in the following 

sections 

' 0  
, 

5 11  SamdeLocat ions 

5 1 1 1 Oil Sludge PR Site (IHSS Ref No 102) 

The location of IHSS 102 has been revised from that shown In the Phase II Ri report (Rockwell 

International, 1988a) based on further review of historical aerial photograph$ SpecMcally, the Oil Sludge Pit 

Site appears on a 1955 aerial photo Also evident on the 1955 photos is seepage from the pit as shown on 

Figure 5-1 The pt was covered after its use (Rockwell International, 1987c), and it is no longer visible on 1959 

aerial photographs Additional sol and ground-water sampling are needed within, surrounding, and 

downgradient of IHSS 102 to document its location and to evaluate the nature and extent of potential 

contamination downgradient of the site , 
0 
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Two borings are proposed within thls site to document Its presence and locatlon (Figure 5-1) 

Boreholes BHOl and BHO2 will be drilled and sampled within the revised site location to Identify the nature and 

maximum concentration of any contaminants associated with IHSS 102 Colluvial monitor well Mwo1 WYI be 

completed adjacent to BHOl to monitor ground-water quality directly beneath the site 

in order to assess the nature and extent of SOU and ground-water contamination downgradient of the 

Oil Sludge PR Site, five boreholes are proposed in the area of staining directly south of the site Boreholes 

BHO3, BHO4, and BHO5 will all be drilled and sampled within the area of seepage from IHSS 102 Identified on 

1955 aenal photographs A odluvial monitor well (MW02) will also be Installed adjacent to borehde BHo4 to 

assess ground-water flow directions and qualdy in this area Boreholes BHO6 and BHO7 are proposed 

downgradient of the seepage area to assess the extent of soii contamination As the proposed french drain 

at the 881 Hillside IS upgradient of the apparent seepage from IHSS 102, boreholes BH03, BH05. and BH06 

will be dnlled and sampled during the french drain dnlling program to evaluate its proposed alignment (Section 

5 3) 

Additional boreholes are proposed within and surrounding the former retentlon pond along Woman 

Creek to characterize soil and ground-water condnions in this area Two boreholes (BH08/hdW33 and BHW) 

will be dnlled wlthin the former pond location, and two alluvial monitor wells (MW03 and MW33) are proposed 

south and southwest of the former pond These wells will sewe to characterize the Woman Creek valley fill 

alluvial ground water downgradient of IHSS 102 

5 1 1 2 Chemical Burial SRe (IHSS Ref No 103) 

No boreholes or monRor wells were installed directly within IHSS 103 during previous investgations 

Additional drilling and sampling are thus needed to uharacterize this site Three boreholes (BH10, BH11, and 

BH12) are proposed wlthin the IHSS to Mentlfy the nature and maximum concentration of potential 

contaminants A colluvial monttor well (MW04) will be completed adjacent to BHlO to charactenze ground 

water directly beneath the sRe, and colluvial momtor well MW05 will characterize ground-water quality 

immediately downgradient of the sRe The exact location of MW05 should be evaluated at the commencement 

I of the dnlling program to incorporate all available data on the potentiometric surface in that vicinlty 
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5 1 1 3  Llquid Dumping Site (IHSS Ref No 104) 

A site east of Building 881 was reportedly used for disposal of unknown liquids and empty drums prior 

to 1969 (U S DOE, 1986) The SRe was located as shown an Figure 5-1 by Rockwell International (1987~) 

based on 1965 aerral photographs, however, further review d these photographs indkates thls site may be a 

shadow on the photo. Based on their description, it Is suspected that IHSSs 103 and 104 are actually the same 

site However, the Phase 111 RFI/RI will lndude sampring and analysis of soils at the originally reported Liquid 

Dumping Site locatlon to document its presence or lack thereof Two boreholes wdl be drllled withln thls 

reported IHSS location (BH13 and BH14) 

5 1 1 4 Out-ofService Fuel Oil Tanks (IHSS Ref Nos. 105 1 and 105 2) 

These two sites were effecttvely taken out of service in 1976 This is presumably when they were filled 

with asbestos containing materials and then with concrete As the mateds Inside the tanks are solidified, they 

do not pose an environmental hazard In addition, the tanks tested tight In 1973 when they were pressure 

tested However, in order to document the lack of soil contamination associated mh these tanks, two adjacent 

boreholes (6H15 and 6H16) and two downgradient boreholes (BH17 and BH18) are proposed 

I 

5 1 1 5  Outfall Site (IHSS Ref No 106) 

The Outfail Site conslsts of a six inch diameter vfirjfied clay pipe which is an OverRow line from the 

sanitary sewer sump in Building 887 Discharge from this pipe was observed in December 1977 (Rockwell 

International, 1987~)~ however, subsequent discharges have not been noted Phase ill RFI/RI actlvitles at this 

site will include vertfying the1 connection between the outfall pipe and Building 887 (original reports of the 

discharge indicated this was a dean-up pipe for an overflow line from the Building 881 coding tower) as well 

as soil and ground-water sampling downgradtent of the outfall 

In order to venfy the source of IHSS 106, water will be introduced to the outfall pipe from the Building 

887 sewer sump, and the outfall on the hillside will be observed for discharge If the water ls observed at the 
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OUW, then the Bullding 887 s a w ~  wmpbthe sourced IHSS 106, and meawreswill betaken tocontain any 

, future discharges. If the Building 88fsewer sump is not the source of IHSS 106, further tevlew dconstnrctlon 
0 

drawings for Buildings 881 and 88f and discussions with Ptant personnel will be needed to Identify the source 

of this ouffall , 

S d  and ground-water contamination may exist downgradient of the Outfall Site due to previous 

releases from the site In order to characterize any contamination, two boreholes (BH19 and BHM) will be 

drilled and sampled immediately below the outfall A cdluvlal monitor well (Mwos) will be hstalld adjacent 

to borehole BH19 to evaluate ground-water quality beneath the outfaJi 

5 1 1 6 Hillside Oil Leak Site (IHSS Ref No 107) 

The Hillside Oil Leak Site was originally designated as an iHSS because of an oil leak at this location 

in May, 1973 (Rockwell international, 1987~) It was later discovered that the oil had emerged through the 

Building 881 footing drain outfall, and a ditch and skimming pond were built to contain the oil (Owen and 

Steward, 1973) The skimming pond is still present, although, no ol has been observed in the outfall since 
0 

, 1973 (Rockwell Internatjonal, 1987c) During the 881 Hillside Phase It RI, volatile organic compounds were 

detected in the outfall pipe discharge and in the skimming pond (Rockwell International, 1988a) 

There are thus two issues associated Wh the Hillside Oil Leak Site 

1) 

2) 

the nature and extent of SOU and ground-water contarnination potentially resulting from the 
original hillside OH leak, and 

the source of voiatile organic contaminants currently found in the Building 881 footing drain 
outfall 

Two footing drains extend south from the Building 881 foundation (Figure 1-6) The western line joins 

the eastern line near the southeast comer of Building 885 Thls line then runs south where n daylights into the 

skimming pond The first step of this source investigation wll consist of determining which of the two footing 

drains is the source of volatile organics at the footing drain outfall This will be accomplished by sampling the 

effluent in each footing drain line through a manhde located just South of their junction The line (or lines) 0 
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0 responsible forcommham at the orfttallwll then be sampled at deaMnr points (ilaccesdble) along b 

length to fwther isdate the COntaminenQ soufc8 

Soil, ground-water, and surface water samples wdl be collected wlthin tHSS 107 In order to characterize 

the nature and extm of contamination Sd samples wdl be cdleeted from boreholes wuhin the skimming 

pond Boreholes BWl and BH22 are proposed and will be advanced to refusal Using a hand auger MW17 

wilt be installed to assess ground-water quality Routine surface water sampling will continue at stations SW- 

44 and SW-45 

5 1 1 7 Muttfple Sohrent Spill Sites (IHSS Ref Nor, 119 1 and i f 9  2) 

iHSSs 119 1 and 119 2 were used from 1967 to 1972 for barrel storage Although the exact types and 

quantities of wastes stored at these srtes are unknown, the barrels likely contained cutting oil wastes and 

solvents Spills and leaks from these drums likely occurred during the period of drum storage Barrel storage 

locations wRhln the sites are shown on Flgure 5-1 0 
IHSS 119 1 

A total of ten borehdes are proposed within the western barrel storage area to characterize the nature 

and extent of soil contamination associated with this site Boreholes BH23 through BH32 will be drilled and 

sampled wrthln the drum storage areas as shown on Figure 5-1 In addition, cdluvhl monrtor wells MW07, 

Mw08, MW09, MW10, and MW11 will be installed to evaluate ground-water quality beneath the sRe and at the 

dawngradient edge of the srte 

IHSS 1192 

Seven boreholes (BH33 through BH39) are proposed within the barrel storage areas of IHSS 11 9 2 to 

evaluate the nature and extent of potential soil contamination Monitor wells MW12 and MW13 will serve to 

monrtor ground-water quality at the site's east-southeast downgradient edge 0 



5 1 1 8 Radloacthre Slte No la00 Area (IHSS Ref No. 130) 0 
This slte was used to dispose d soil contaminated with low levels of plutonium between 1969 and 1972 

Radionuclides were not above background levels in sdl samples collected from thls site during the Phase I and 

Phase II Rls However, addltlonal soil samples wUI be collected from eight boreholes durlng the Phase 111 

RRjRl to vedy this finding Boreholes BH40 through BH47 will be dnlled and sampled through the site to 

assess the nature and extent of SOU contaminatlon in addition, cdlwial monitor wells MW14, MW15, and 

MW16 wrll be instaled adjacent to boreholes BH45, B W ,  and BH47, respedhrely, to monitor water quality 

at the downgradw edge of this site 

5 1 1 9 Sanitary Waste Une Leak Sne (IHSS Ref No 145) 

IHSS 145 k an area at the southeast comer of Building 881 where the sanRiuy sewer leaked in January 

1981 No harardous or radioactive constituerrts were released to the environment by thls leak and the leak 

was repaired (Rockwell international, 1987c), so contamination Is not expected at this site However, two 

boreholes BH48 and BH49 are proposed to check that Indications of possiMe contamination In the nearby well 

1-87 are not from this IHSS MW18 will also be installed to monitor ground water downgradlent of the sRe 

0 

5 1 1 10 Building 885 Drum Storage Site (IHSS Ref No 177) 

Building 88!5 is currently used for satellite cdlection and 9Oday accumulation of RCRA regulated 

wastes A plan for sod sampling at this site Is provided In the RCRA Interim Status Closure Plan which Is 

appended to the revised Post-closure Care Permit Application for Hazardous and Radioactive Mixed Wastes 

at the Rocky flats Plant (Rockwell International, 1988d) Since ground water must be addressed under the 

Rfl/RI program, a borehole (BH50) will be dnlled downgradient from IHSS 177, and monttor well MW19 will 

be installed adjacent to BH50 
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Soil samples will be collected from boreholes withln and adjacent to IHSSs to charauerize 8 0 ~ ~ ~ 8 8 .  

All samples will be analyzed for the chemical parameters listed in Table 5-1 fdlowlng CLP methods or the 

methods specifled in the GRRASP These parameters are essentiallythe sameas those analyzed in the Phase 

I RI except that oil and grease and RCRA characmistb are ellmlnated 01 and grease have not proven useful 

in determining extent of soil contamination, and RCRA hazardous waste characteristics have been within 

acceptable limits. Total petroleum hydrocarbons were added to the analyte list for IHSSs 102 and 105 where 

fuel oil is a potential contaminant With a few exceptions. the TCL list for organics and the TAL list for 

inorganics are the same as the previously used HSL list for organics and inorganics The laboratory vvlll be 

expected to analyze constituents to a detection limit at or below ARARs i f  that is not possible for some 

samples, the laboratory must provide a complete explanation for the reason($) 

5 1 2 2 Sol Blanks 0 

Use of soil blanks is not necessanty standard protocol in the collection of soil samples for subsequent 

chemical analysis. In the Phase I and II Rls, methylene chloride, acetone, and pMhalates appear to be 

contaminants in samples that were introduced through sample handling or sample analysis Soil blanks 

were not used in the previous investigation but appear necessary to confirm these findings An investigation 

will be designed to determine the source of phthalate contamination in sod samples and the need for soil 

blanks If appropriate, an alternative to prmous field methods sampling will be implemented to avoid pMhalate 

contamination from sampling handling in the future The laboratory will be expected to avotd contamination 

J of samples wrth volatile organ- and phthalates using appropriate procedures I 
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m a s  
Target Analytc List - Metals 

A1-i- 
Antflumy 
Arsenic 
Bar i un 
Boryllirn 
C h i U  
Calciu 
Chrani un 
Coblt 
c w r  
Iron 
Lead 
Magnesiun 
Manganese 
Mercury 
Nickel 
Potass1 m 
Seleniun 
Silver 
sodirn 
Thalliun 
Vanodlun 
Zfnc 

Other netal8 
*1yMcnu 
cesila 
Stfontrun 
Lithrun 
Tin 

1mRGAuICs 
pn 
Nitrate 
Percent Solids 
Sulfide!? 

OUWICS 
Target Conpound List - Volatiler 

Chloromethane 
Bramamethane 
Vinyl Chloride 
Chlorocthane 
methylene Chloride 
Acetone 
Crrbcil Disulfide 
1,l-Dichlorocthm 
1,l-Dichlorocthane 
total 1,2-bichloroethm 
Chlorof om 
1,Z-Dichlorocthane 
2-Butam 
l,l,l-Trichloroetham 
Carbon Tetrachloride 
Vinyl Acetate 
Branod, ch loromethane 
1,1,2,2-fctrachloroeth~ 
1,2-Dichloropropan 
trans-l,2-Dichloropropenc 
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~ I c s  (am., 
fargat carpoud ~irt - volrtiles (Cantid) 

Trichlomotherm 
D ibronothloranrthuw 
1,1,2-Trfchlorocthm 
0 I N m  
cir-l,3-Dichloro9ropsrw 
Braofom 
2-Hexumn8 
4-Methyl-t-pmt- 
Tetrachloroethane 
TOl rmW 
Ch1oroknr.n 
Ethyl k ~ w  
S t y r m  
fotal Xylenes 
1,l-Dichloroethm 

fotal petroleun hydrocarbons* 

farget Conpwrd List -- sai-volattles 
Phenol 
bir(2-Chloroethyl )ether 
2-Ch lorophenol 
1 ,3-Olchlor~zm 
1 ,L-Dichlorob.ntene 
Benzyl Alcohol 
1 ,ED ichlorobantw 
2- Wathylph-1 
bir(2-ChloroisopropyL )ether 
4-hthylph-1 
N-N f tPOIO-0 i prowl d m  
Herwch lorocthana 
Nf troknzan 
lsophorcme 
2-Nitrophenol 

Benzoic Acid 
bfs(2-Chloroethoxy)nrtharw 
2,4-0 ich loraphenol 
1,2,4-Trichlor~em 
Naphthalene 
4-Chlorml line 
Hexach L orokrtadiene 
4-Chloro-3-r*thylphcl( para-chloro-nrta-cresoL > 
2-Methylmphthal~ 
Hexseh I orocyc Lopentdl ene 
2,4,6-lriehlorophanal 
2,4,S-Trichlorophanol 
2-Chloronaphthalene ’ 
2-WitroiMlLirw 
Dimethylphthalate 
AcaMphthylcnc 
3-Nitroanlline 
Acuwhthcnc 
2,4-Dinr trophenol 
4-Ni trophcnol 
Dibetuofuran 
2,4-D1n1 trotoluene 
2,6-Dini trotoluene 

other Orgenicr 

2,4-Dimthylph~l 
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~ I c s  (Qy1.) 
Target CaRpovd Li8t -- Sd-d.tfle8 (CU3tfWd) 

Oirthylphthalatr 
4-Chlorophrryl Phenyl ether 
Fluorm 
4-Witromi 1 irw 
4,6-0fni tro-2-rthylphmol 
M-nl trosodS@mnylmim 
4-Brmpharyl Phenyl cthrr 
Hrxwhlorobrum 
Pllrtuhlomphenol 
Phonnnthrem 
Anthraam 
O f  -n-butylphthalate 
F luorantheno 
PVr- 
Butyl Bcnrylphthalatr 
3,3'-Dichlorokntidine 
Benzo(a)anthracene 
bir(2-cthythcxyl )phthalate 
chryrs- 
Di-n-octyl Phthalate 
Banzo(b)f luorantheno 
Banzo(k)f luoranthene 
Bare( r)pyrone 
fnrbno~1,2,3-cd)wrene 
Of knt(a,h)nthrecerm 
Benzo(g,h,i)p.ryleno 

alpha-BHC 
kta-BHC 
del ti-BHC 
g m - B H C  (Llndmc) 
Heptach lor 
Aldrln 
Heptachlor Epoxide 
Endosulfan I 
D fddrin 
4,41-DDE 
Endrin 
Endosulfan I 1  
4,4'-DM) 
Endosulfan Sulfate 
4 ,Z I -001 
Endrin Ketone 
Methoxych 1 or 
alpha-Chlorbna 
g ~ - c h l o ~  
Tbxaphw\c 
AkOCLOR-1016 
AROCLOR- 1221 
AROCLOR- 1232 
AROCLOR - 1242 
AROCLOR-1248 
AROCLOR- 1254 
AROCLOR-1260 

Target Caqmmd List -- Pestreidts/PCB~ 
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MDloyUcL1DES 
Oras ~ t p h a  
Grou Beta 
U r n i u  233+23b, 235 and 238 
Amficitm 241 
Plutoniun u9+240 
fritiu 
Strmtiu 90, 89 
C d u n  137 



0 5 *  NATURE AND FXTFNT OF CONTAMINATIW 

In additlon to source characterization, the Phase 111 RA/RI wpi focus on additional groundwater, surface 

water, and sediment sampling to further characterize the nature and extent of contamination in each of these 

medla arising from the IHSSs These sampling programs are outlined in detail below 

5 2 1 Ground Watq 

5 2 1 1 Monltor Well Locations 

Based on data collected dunng the Phase I and II Investigations, volatile organics are present in the 

unconfined ground-water flow system at the 881 HillsMe Area The extent of contamination is not fully 

delineated, and additional monltor wells are needed to define the vertical and lateral extent of the organics 

Potential major ion, trace metal, and radionucltde impacts to ground water were not well charactenzed in the 

Phase II RI report due to the lack of appropriate background groundwater quality data Presented below 

are proposed monitor well locations and rationale to further characterize ground-water flow and qualw In the 

unconfined flow system wlthln Operable Unit No 1 Bedrock wells will be installed adjacent to alluvial wells 

where sandstone is encountered 

0 

Four new alluvlal monltoring wells are proposed upgradient of the 881 HllsMe Area to characterue the 

qualtty of ground water enterlng the sltes These wells (MW20, MW21, MW22, and MW23) will all be completed 

in Rocky flats Alluvlurn MW20 and MW21 will be located east and north, respectively, of Building 881, and 

wells MW22 and MW23 will be located on the Rocky flats Alluvium terrace north of lHSSs 119 1 and 119 2 

(Figure 5-1) 
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Three alluvial and three bedrock weaS wUI be installed downgradient of IHSS 119 1 to further 

characterire the extent of vdatlle organics detected In wells 48-87,lO-74.9-74, and 4-87 Alluvlal well MW24 

will be located between 9-74 and 4-87 and wiU be completed in cdluvial gravel Data from this well will m e  

to further characterize the transport of contaminants found in wells 9-74 and 4387 to well 4-87 Alluvial wells 

MW25 and MW26 will further delineate the exlent of cdluvial saturatlon and water quality south of lHSSs 119 1 

and 130 

Further investigation of the bedrock sandstone at well 5-87 Is also proposed for the Phase 111 RFI/RI, 

because TDS, strontium, and selenium were elevated during 1989 Three wells (MW27, MW28, and MW29) are 

proposed for compietlon In this sandstone (Figure 5-1) As the extent and orientation of the sandstone and 

the ground-water flow direction wnhln the sandstone are uncertain, these wells will be located in presumably 

upgradient (west), sidegradient (south), and dawngradient (east) dlrections. Water level data from the wells 

wfll then be used to determine ground-water flaw directions. 
l a 

South lnterceotor Ditch 

In addition to well MW02, three other cdlwial momtor wells will be installed along the South Interceptor 

Ditch These wells (MW30, MW31, and MW32) will sew8 to momtor ground-water quality and levels adjacent 

to the ditch (Figure 5-1), and the resulting data will be used to evaluate the interaction between South 

Interceptor Ditch surface water and unconfined ground water 

Woman Creek Vallev Fill Alluviu~ 

Further chracterlzation of valley fill water quality and the surface water/ground-water interaction are 

also needed along Woman Creek downgradient of the 881 Hillside Area Wells MW33, MW34, and MW35, in 

addition to well MWO3, will all be completed in Woman Creek valley fill alluvium (Figure 5-1) 
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5 2  12 chemical Anatyds d Ground-Water sampler 0 
Ground-water samples wlll be collected on a quarterly basis from all n e ~ l  and existlng monitoring wells 

at the 881 Hillside Area upon completion of well development Samples will be analyzed for the parameters 

listed in Table 5-2 during the first round of sampling after completion of new wells This parameter list may be 

reduced in subsequent quarterly sampling events if certain parameter groups are not detected or are not 

significantly above background levels and if approved by EPA and CDH Ground-water samples will be 

analyzed in the field for pH, conductbity, and temperature Sample aliquots designated for metals, plutonium. 

americium and tritium analyses wdl be filtered in the fieid Samples wUI be preserved in the field and analyzed 

in the laboratory for the parameters listed in Table 5-2 

5 2 1 3 Hydraulic Testing 

in order to further characterize hydraulic conducthty values of geologic materials in the 881 Hllskle 

Area, hydraulic tests wfll be performed in all newly installed monitor wells subsequent to well development 

These tests may be slug tests, bail down-recovery tests, or Single hde pumping tests depending on the 

sustainable Row rate from a given well Hydraulic test data wdl be analyzed using a method appropriate to the 

fieM test method 

0 

Slug Tests Bower and Rice (1976) 

Baidown/Recovery Tests Thels (1935)s T h h  (1906), Or Cooper et al (1967) 

Single Hde Pumping Tests Theis (1935). Cooper and Jacob (1964) 

Mdti-Weli Pumping Tests Theis (1935)s Cooper and Jacob (1964) 

Tracer injection Tests Ogata (1 970) 

In addition, mutti-well pumping and tracer tests will be performed along Woman Creek to further characterize 

the valley fill alluvium as discussed below Vertical hydraulic gradients will be determined from water level data 
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FIELD PAlulETEIt 
pn 
Sp.cific Conductnc. 
1rrp.r. turo 

ImlcAlms 
Total Dissolved Solids 
pn 

Other Hutals 

Strontiun 
cesiun 
Lithiun 
Tin 

cartmate 
B i carbone te 
Chlorfde 
Sulfate 
Nitrate as W 

Fluoride 
cyanide 

ORG1311CS 
Target ccnpwnd List - Volatiles 

Ch 1 oranethane 
Braarmthane 
vinyl Chloride 
Chlorocthane 
Methylene chloride 
Aceton. 
Carbon Oisulfidc 
1,l-Dichlorocthm 
1,l-Dichlorocthsna 
tot. t 1,2-0 ichlorocthene 
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T W  5-2 (Cmtfnd) 

PIWE 111 UFIRX 
GIQIo-yllrR UllCCfWC MwETERs 

Qcullcs <cam.) 
1rrg.t c#pard Lfst - Volatile8 ( c o n t i d )  

Chlorof o m  
1.2-0 i ch 1 orocthwr 
2-But.non. 
1 , l  ,1-lrichloroetham 
Carbon Tetrachloride 
V f y l  Acetate 
B r d i c h l o r o a a t h w  
1,l ,2,2-1etrachloroethww 
1,2-D I chloropraplm 
t r r -  t ,3-0 ichioraprapan 
ltfchloraethene 
Dibrarnochlorarrthuw 
1 , l  ,2-lrichlorocthm 
BIIucrW 
c i  8- 1,3-D ichl0roprop.M 
Bromoform 
2-Hcxanonc 
4-Methyl-t-pentanone 
Tetrachlorocthm 
lolucrw 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

Target CDnpand List  - -  sad-volatrles 
Phenol 
bis(2-Ch1oroethyl)cthcr 
2-Ch lorophenol 
1,3-Dichlorobenzene 
1,4-D i ch locobenzene 
Bonzyl Alcohol 
1 ,2-Dichlorobentene 
2-Wathylphml 
bi8(2-Chloroisapropyt )ether 
C - h t h y l p h ~ ~ l  
N-Ni t roro-D 1 prepyl8mitW 
Hexachloroethane 
Nitrobenzene 
lsophorme 
2-ni trophenol 
2 , 4 - D i ~ t h y l p h ~ l  
Benzo~c Acid 
bir(2-Chlorocthoxy)nethm 
2,C-Dichlorophenol 
1,2,4-1r i ch loroknzcna 
Naphthalene 
4-Chloroentlrne 
Hexochlorobutadlene \ 

4-Chloro-3-nrthylphal (prra-chldro-mcta-cresol 1 
Z-Methylnaphthalcna 
Hexachlorocyctopcnt~drene 
2,4,6-Trichlorophcnol 
2,4,5-Trichlorophenol 
2-Chloronephthalm 
2-Nitroanitinei 
Dimethylphthalate 
AccMpht hy l ere 
3-NftroaniIine 
Acenaphthene 
2,4-0 ini  trophenol 

0 
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Ill RFIAI 
QIQID-YLTER SMmlWc MIIyIE)EII 

mwNIct <am.> 
Target C m  Lfr t  -- seal-volatiles (Continued) 

4-Nitroph.nol 
Dibauofurn 
2,GDini trotoluan 
2,6-Dlni t r o t o l w n  
Dhthylphthalate 
4-ChloroPhayt Phnyl ether 
Fluorene 
4-Ni t w i  1 in 
4,6-D in i  tro-t-nthylphmot 
W-ni t rorodiphmylrtn  
4-Br-t Phenvt ether 
Hurthkokm- 
Pent& 1 oroClh.no1 
Phenmthrene 
Anthruem 
D i  -n-butylphthaIate 
F luoranthem 
PVrcnr 
Butyl Banrytphthalate 
3 , 3 1 - D i ~ h l m Z t d i n  
B.nro( a ) m t h r u m  
bir(2-ethylhexyl )phthalate 
*y.- 
D i  -n-octyl Phthatate 
Bhnto(b)f luomthene 
Benzo(k)f luocmthene 
BOfUO(.)W- 
l n d r m < l , 2 , 3 - ~ d ) ~ ~ t 0  
Diknr<a,h)mthrum 
Benzocg,h, 1 )paylm 

Target C o a p w d  List  -- PesticideWPCBs 
alpha-BMC 
kt8-6#c 
d d  tr-BHC 
Sm-BHC (Lindane) 
Heptachlor 
Aldrin 
HeptKhlor Epoxide 
EnJDIulfon I 
Dieldrin 
4,4' -DOE 
Endrfn 
Endourlfn I1 
4 ,4  -DDD 
Endo8ulf.n Sulf8tc 
4,s -DDT 
Endrin Ketone 
Wathoxych 1 or 
alpha-Chlokne 
g m -  Ch 10- 
Toxaphene 
AROCLOR- 1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-12% 
AROCLOR-1260 

I 0 
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Pumping and tracer tests will be performed in the Woman Creek Alluvium to develop better estimates 

of solute travel times Currently, the hydraulic conductMty and effective poroslty are known to estimated 

accuracies of about 8 factor of three, the dkpmiv&y is known to an estimated accuracy of about an order of 

magnitude In order to measure these parameters in the field (especially the effectbe porosrty) and to account 

for spatial varhb'dity, three pumping and tracer tests will be performed in the Woman Creek Alluvium between 

the 881 Hillside and Indiana Street The test locations are shown on flgure 5-2 

Each test WJII be performed in an array of 15 wdlpoints (Figure 5-3) The amy has been designed to 

produce linear flow for the tracer test, however, the array is also suitable for the pumping test The wellpoints 

will consist of 1 5-Inch diameter stainless steel wellpoints driven into the ground using a drill rig In order to 

minimize dewation from vertical while drMng the wellpdnts, a pilot boring will be made to approximately four 

feet below ground and the point driven through the hollow stem of the auger The screens will be five feet long 

so that the points are screened over the entire saturated thickness After completion of each test, the 

wellpoints WIN be pulled out of the ground and any remaining openings filled wlth neat cement grout wlth five 

percent bentonite The well points wdl be reused in the next tests 

0 

PumDina Tea 

The pumping test will be performed by pumping Well A (Figure 5-3) at a constant rate for four hours 

In general, the Woman Creek alluvium varies in thickness from three to eight feet and the saturated thickness 

varies from about zero to four feet, although the alluvium can become fully saturated at times. The alluvium 

is a minimum of seventy-five feet wtde and the hydraulic conducthrity is approximately lx103 cm/s, based on 

baildown-recovery and slug tests Preliminary calculations (assuming a saturated thickness of four feet, 

hydraulic conducthty of lxlO" cm/s, and a storage coefficient of 0 1) indicate that the Woman Creek alluvium 

can sustain a constant discharge of 0 17 gallons per minute (gpm) for the period of pumping wlth drawdowns 

ranging from two feet in a fully efficient pumping well to 0 19 feet at a distance of five feet 

FINAL P M L  I11 RFI RI VDRK P U N  - 861 HILLSIDE A R U  
RCKKV F U T S  PUNT. &N. C0V)RADQ 
o~kg\89l\ri-fs\sec-5 oct 

ri 



, 

/ / 

f/ 77 U S DEPARTMENT OF E W E 9  - -- I A- ROCKY FLATS PLANT 
I /  

(after U S G S Qu8ds. Locuovle 1979, 
Golden 1980, Lafayette. 1979) 

b 
-N- 

I 

FIGURE 5-2 
PUMPING AND TRACER TEST LOCATIONS 
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FIGURE 5 - 3  
I PUMPING AND TRACER TEST WELL ARRAY 
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Thewell will be rwdknDumped using anJedrlca#yoperatedperistaltic pump A perlstalucpump Is 

expected to perform well in this application because the suction lift b anail (estimated to be no more than ten 

feet) and because a peristaitk pump can be run at very small, constmt flow rat- All produced water will be 

drummed (41 gallons in four hours) and reinjected Into the formation as part of the tracer test. Thedrawdown 

data during both the pumping and recavery periods will be cdlected from all of the wells using either depth 

to water probes or pressure transducers 

0 

The pumping test will be analyzed as a constant rate withdrawal test in unconRned materials to yield 

hydraulic conductivity and storage coefficient Delayed yield WJI be considered. If appropriate In additlon, 

the efficlency of the well (theoretical drawdown dMded by observed drawdown, times 100 percent) wUI be 

evaluated for use in the tracer test calculations 

Tracer Tea 

A linear flow system will be created by injecting water Into the five upstream wells and withdrawing 

water from the five downstream wells Although two lines of three wells can produce linear flow between the 

middle wells, two lines of five wells will be used in order to provide greater assurance of llnear flow between 

the mlddle wells Water wll be supplied to the Injection wells and withdrawn from the withdrawal wells (Rgure 

5-3) using peristaltic pumps controlled by electrical liquid level probes Water levels in both the Injection and 

withdrawal wells will be allowed to fluctuate approximately 020 feet and will result In an average head 

differential of one foot (gradient of 0 25) The water levels will be maintained such that the upstream wells 

produce a one foot head Increase and the downstream wells produce approximately an unchanged head 

condrtion Heads in the formation wlll be calculated assuming that the well efficiencies are as determined in 

the pumping test 

0 

/ 

Steady linear flow will be created by injecting the ground water wtthdrawn during the pumping test plus 

waters wrthdrawn from the wnhdrawal wells It IS estimated that each well wrll require an average steady flow 

of approximately 0 03 gpm (calculated using the Darcy equation) and that steady linear flow wdl be achleved 

in approximately s m  hours 0 
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The tracer testwyI be periwmed in two phmms afterllnearlwhw beenachieved The fiat phasewiil 

inject a norr-conducttve fluid (distilled water) Into the injection wello, the anival of the injecUon fluid at the 

downstream withdrawal wells will be indicated by a reduction of the conductMty of the water The natural 

conductMty of the alluvial ground water Is approximately 500 to 1 ,OOO micromhos per centimeter and that of 

distUled water is near zero 

0 

Atthough there are many other tracers that could be used in thls test. distilled water Is felt to be the least 

environmentally damaging and was therefore selected Releases of adsorbed ions from the solid phase to the 

distilled water may occur during the course of the test, however, the magnitude of thls effect is expected to 

be small because of the quartzitic and granitic mineralogy of the formation if adsorbed Ions are released, the 

steady state conductivity at the downstream wells wdi be somewhat higher than zero, the actual value will be 

used as the 100 percent concentration for breakthrough and earlier values scaled accordingly The impact of 

using a lower concentration tracer will be tested by re-injecting the produced formation fluids (higher 

conducthrity) as a second phase of the test All water withdrawn during the test will be drummed for thls later 

use If the lower conductivity water cannot be detected in the withdrawal wells, an alternate test will be 

designed using Rhodamine WT dye with either a fluorimeter or a spectrofluorometer for quantltathre detection 0 

Time-conductlvty data will be collected from all of the wells using dedicated conducthrlty probes. 

Complete mtxing of the water in the injection and withdrawal wells will be achieved with a recirculation system 

to avod chemical stratdication in the wellbore ConductMty wdl be measured in flow-through conductivity cells 

uphde Water will be added or withdrawn from the recirculation system on each well through solenoid valves 

controlled by the liquid level probes It Is estimated that the 50 percent concentration will arrive at the 

withdrawal well approximately 400 minutes after injection begins (using an effective porosQ of 0 1 , hydraulic 

conducthnty of lxlO-’ cm/s, gradient of 0 25 and a dispersivty of 0 1 feet) The test will continue untll the 

I conducthnty in the middle withdrawal well stabilues I 

During the second phase of the tracer test, the water collected during the first phase will be injected 

into the injection wells (approximately 150 gallons) without withdrawal from the withdrawal wells The Intent 

of the second phase is to evaluate the Impact of using a lower concentration tracer during the first phase The 

test wll be performed as described above and the dispersMty recalculated for comparison with the original 
0 
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determinatkm, Durhg this phase, linear flow will be maiWned but gradients may vary (KwnewhBt dwkrg the 

test because downstream withdrawaJ MI not occur, possibly resuiting In unsteady flow Again, the water In 

the withdrawal wellswill be mixed using the recimdatlon system to preven€ stratification In the wellbore. The 

test will continue unrY the conductMty of the water in the middle Withdrawal well stabilizes 

0 

The timeconductMty data wdi be analyzed using the equation for dispersion In a semi-infinite medium 

in a unldirectlonai fiow field (Ogata, 1970) The time at which the 50 percent concentration arrives at the 

downstream withdrawal well will be used to calculate the effecthre pros@ (given that the gradient is known 

from the test conditbns and the hydraulic conductivlty is known from the pumping test) The dlspersMty wdl 

be found by curve matching to the time-conductMty data 

These calculations wll yield a vertically averaged iongltudinai disperswty appropriate for use wlth a 

vertically averaged hydrauilc conductivity The effects of hydraulic conducthnty variations will be included in 

the calculated dispersfvity It is recognized that spatial variation of both the hydraulic conductivity and the 

transport parameters is likely, therefore, three tests will be performed at different locations in the alluvium It 

is also recognized that dispersiwty is a scale dependent parameter and that the dispersMty developed in these 

tests will only be appropriate for finely gridded analytical models (nodal spacings on the order of 4 to 40 feet) 

However, it is anticipated that the effective porosv values developed Hnll be applicable for calculation of 

nondispersive ground-water flow velocities 

, 

I 
A small test pattern was selected to cause measurable responses in a reasonable amount of time The 

2-foot well spacing will permlt measurable responses after four hours of pumping at 5 feet from the pumping 

well Each phase of the tracer test (establish linear flow, achieve 50 percent concentration, achieve 100 percent 

tracer concentration, repeat using natural salinity tracer to 50 percent concentration, achieve 100 percent 

natural salinty tracer concentration) is expected to require approximately seven hours Thus, the entire tracer 

test is expected to require approximately 35 hours for flow over only four feet of alluvium 
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Sediment stmlfkation and arUfactsddosewell spacing and well development are 

of error for these aquifer testa Thetest designs described above addressthese lssuesasfdlaws 

sources 0 

Sediment stratiffcation may play an imponant role in the hydraulic behavior of the system during 
the pumping and tracer tests calculations o f  system response in which thln, highly conductive 
layers are present will result in a slightly higher hydraulic condudMty and a considerably lowet 
effective porodty However, these values wjli be appropriate for prediction d travel tlmes In the 
layered system 

d 16) is too great to achieve significant compaction W e e n  the wellpoints Department of the 
Navy (1983) predicts that an inslgniflcant relative density can be achieved by driving pPes at a 
spacing to diameter ratio of 16 This is consistent with field test reported by Basore and Bdtano 
(1969) which resdted in no signifkant increesed density for spacing to diameter ratios In excess 
ofabout5 

The ratio of the wellpoint spacing to the wellpoint diameter (2 feet divided by 1 5 inches, raw 

Installation of wellpoints was selected as opposed to installation of monitor wells, to minimize 
disturbance of the alluvium for the purposes o f  these tests 

The degree of well development influences the rey>onse of the water level in the pumping well, 
but generally has lMe effect on the response d the obsewation wells The negligible impact 
of poor development on the response of obsenratlon wells results from the fact that head loss 
for flow through the well skin is proportional to the velocity squared Because very little water 
passes through the well skin (only that amount required to effect the water level change), the 
velocity is s d l  and the head loss is even smaller Although significant removal of fines due 
to well development is not expected, the amount of development wJI be limited In order to 
minimjze this effect. The degree of development will be evaluated as well efficiency (the ratio 
of actual drawdown to the theoretical drawdown) 

e 

5 2 2  Surface Water and Sedi menu 

5 2 2 1 Sample Locations 

Ten surface water stations were established south of the 881 Hillside Area In the Woman Creek drainage 

during the 1986 and 1987 investigations Surface water sampling at these stations is currently conducted on 

a monthly basis and will continue through 1990 Concurrent ffow measurements will be made Figure 2-17 

presents surface water momtoring locations in the area, and Table 5-3 presents the surface water stations to 

be sampled during the Phase 111 RFI/RI 
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TABLE 5-3 

SURFACE WATER SAMPUNG STATIONS 
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sw-31 
SW* 

sw44 
sw45 
sw46 
s w a  
sw-67 

s w a  
sw-69 
sw-70 
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Bedload sediment sampleswefetaken in October 19888t auatkm8 along Woman Creek and the South 

Interceptor Dltch. The msulthg data should sullsce as conSkmatory Wormation regardfng the concentrations 

of volatile organics. metals, other hrganks, and radionudldes In the dlments. However, sediment sampling 

is continuing at the Plant, and bedload sediment samples W be cdleded from the 881 Hillside Area For the 

Phase 111 Rfl/RI, physicrd characteristics of the sediments (background and 'downgradieW) and the spatial 

distribution of the metal concentrations wdl be examined to assess the adequacy of the background sediment 

geochemical characterization and thus whether metals are contaminants In the sediments at the 881 Hinslde 

Area Three new sediment statlons will be established (SED-37, SED-38. and SED-39) near surface water 

sampling stations SW-35, SW-57, and SW-70, respectively These Stations will presumably not be subject to 

influence by the 903 Pad Area as are the existing stations to the east. 

0 

5 2 2 2 Chemical Analysis of Surface Water and Sediment Samples 

Laboratory analyses of surface water samples will consist of the parameters llsted in Table 5-4, and 

sediments mli be analyzed for the parameters listed in Table 5-1 Surface water samples will be analyzed In 

the field for pH, condudhrity, temperature, and dissolved oxygen All samples requlring fatration will be filtered 

in the field, and all samples wdl be preserved in the field Surface water sampling and stream flow 

measurements Hnll follow the procedures descnbed In the Rocky Flats ER Program SOP (EG&G, 199Oc) 

0 

Plutonium was elevated above background levels in Phase iI RI boreholes from several sltes in the 881 

Hillside Area Plutonium contamination may be limited to the uppermost sod, for rts suspected origin is 

windblown particulates from the 903 Pad Area In order to characterize the vertical and horizontal extent of 

surfichl soil plutonium contamination, surficial soil scrapes and vertical soil profiles will be collected in remedial 

investigation areas, and in the PlaW buffer zone south and east of these areas to Indiana Street during the 

903 Pad, Mound, and East Trenches Areas (Operable Limit No 2) RI Surficiai soil sampling planned for the 

Operable Unit No 2 Phase II RI also includes the 881 Hillside Area and IS presented in the following section 
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Other Uetals 
hl- 
Stront 1 rm 
cesiun 
Lithim 
tin 

MIOM 
Carbonate 
Bicarbonate 
Chlori& 
Sulfate 
Nitrate as N 
cyani& 
Fluoride 
Phosphate 

aRallIcs 
011 and Grease 
Target Compovrd List - Volatiles 

Chloromethane 
Broarrnathen 
Vinyl Chloride 
Chloroethane 
Uethylma Chloride 
Acetone 
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m w l I c s  (W.) 
Targlt Caapovd List - Volatiles (Continued) 

CIrbon Disulfid. 
1,l -0ichloroethane 
1,l-Oichloroethwr 
total 1 ,Z-Dichloroethan 
hlorof om 
1,2-0ichloroethwr 
2 -kr tnan  
1,1,1 -tri&Loroethww 
Carbon Tetrachloride 
V iny l  Acetate 
Ir&4chlorar*thm 
1,1,2,2-Tetruhlororthww 
1.2-0 ich loropropww 
trnr-1,3-0ichloroprop.cw 
Trkhloroethene 
DikPn#h lorath .n  
1,1,2 Trichloroethane 
B.nrCna 
cis- 1 ,3-Oich Loropropcrw 
Bromoform 
2-Hexmon 
S - M e t h y l - t - p a n t ~  
Tetrachloroethm 
Tolwrw 
Chlorobenzene 
Ethyl Benzene 
sw- 
Total Xylenes 

DISSMIIO) W TOTAL lwlQucLlDES 
Gross Alpha 

U r n i u n  U3+ 234, 235, and 238 
hmricim 241 
Plutonim 239+210 
Tritiun 
C n i w n  137 
Radium 226, 228 
Strontim 90 

Gr-8 Beta 
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In order to assess the extent of plutonlwn in sufictal soils within Plant boundaries, collection o f a d  

samples has been planned as part of the Phase II RI/FS at Operable Unlt No 2 (EWG, 199Og) Figure 5 4  

was constructed by including all areas where sdl pllaonium concentrations were expected to exceed two 

dpm/g (approxlmately one pCl/g) Thls area consists d approximately 800 acres The State of Colorado 

requires special technlques for constnrdion on lands with plutonium concentrations greater than two dpm/g 

of dry SOU To evaluate the Sop plutonium values relathre to this standard, the CDH sampling protocol will be 

Used 

0 

1 

Phase I sampling at the 881 Hillside showed that some sols outside that zone contained more than one 

pCi/g of plutonium, so the soil sampling area has been expanded (Figure 5-4) The CDH sampling protocol 

will be used for sampling on the 10 acre grid It requires that 25 subsamples be composited wrthln a 10-acre 

area to compose a soil sample Grids will not be contiguous except near the 903 Pad Area Lines of grids will 

be placed to define the southern and northern extent of contamination Other grids will be used to conflnn 

values from within the areas of concern The northwest comer of each grid will be located by survey and 

Mentified wrth an approprtately marked steel post. Grids wdi be onented on the cardinal compass directions. 

The 25 subsamples will be located with a handheld compass and tape measure using the northwest comer as 

the startlng point 

I ' 
In order to assess the vertlcal distribution of plutonium 239 + 240 an americium 241 in the soil profile, 

subsurface sampling will also be done at the locations shown on Figure 54 One subsurface soil sampling 

location will be placed at the center of each of the 24 10-acre plots to facilitate comparison of the data 

Backhoe prts will be excavated at each of the indicated locations to a depth of one meter A 1/8 inch surface 

scrape, 1 / 8  inch to 1 cm deep sample, and 1 cm to 5 cm deep sample will be taken Samples will then be 

cdlected each 5 to 10 cm Samples will be cdlected from the face of the pit, with all samples being collected 

within 50 cm of each other horizontally The samples wll be cdlected from the bottom upward to the surface 

and equipment will be decontaminated between collection of each sample 



5.3 EVALUATION OF PROPOSED INlFRlM R W I A L  ACTION 

0 
An lnterlm remedial action Is proposed at the 881 Hillside Area to collect, treat, and discharge the 

treated alluvial ground water Allwhl ground water will be collected by a french drain across the hillside and 

pumped to a water treatment plant at the top of the hillside A geotechnical and geochemical soils investigation 

was recently performed at the 881 HUlsMe Area in order to evaluate the site characteristics along the proposed 

5 3 1  Borehole- 

A series of 42 bonngs on approximately 100 foot centers were drilled along the entire length of the 

influent/effluent lines, the french drain alignment, and the potential french drain extension The following 

information was obtained from these bonngs 

a Geotechnical soil and bedrock samples and testing (in SRU and laboratory) to assist in the 
design of the french drain system and evaluate the slope stabillty of the 881 Hillside, 

a Accurate lithologic logs and depth to bedrock, 

Gedogic data for generating geologic cross sections a 

0 Samples for chemical analyses that add io the 881 Hillsde database, determine health and 
safety requirements for construction activtties, and determine disposal requirements for 
excavated soils 

Thirty-two of these boreholes were drilled along the proposed french drain alignment and potential 

french drain extension The objectlv8s of these boreholes are to detennine 

Geotechnical charactenstics of the bedrock and suficial materials, 

sandstone unRs, 

of any subcropping sandstones that are encountered, 

a Accurate lithdogic logs, including depth to bedrock and location of subcropping bedrock 

a Hydraulic conductivities of each five foot depth interval in bedrock and discrete conductivities 
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0 Chemical characteristics of soils along the ailgnment to determine 

a 

b 

c 

Appropriateness of proposed french drain location, 

Approprtete level of health and safety protedon for french drain constructlon, and 

Appropriate dlsposnbn of excavated soils. 

Four d the 32 french drain alignment boreholes were completed as piezometers (ngure 5-5) These 

plezometers will m e  to characterize the extent of saturation dawngradient of IHSS 119 2 which will evaluate 

the need for extending the french drain to indude this area. 

SIX of the 32 boreholes along the french drain alignment were not located on lo0 foot centers (not 

shown on Figure 5-5) These were drilled to cdlect representative cdlwhl geotechnical samples and/or to 

perform additional packer testing where borehole cdiapse occurred The geotechnical sampling was necessary 

because there was inadequate soil left over after cdlectlng samples for geochemical analysls from the 

boreholes on 100 foot centers 

0 Ten boreholes were drllled along the proposed iMuent/eflluent pipeline alignment. Sdect samples from 

these boreholes were submitted for laboratory geotechnicai analyses of area soils (Section 5 3 3), and one set 

of samples from each borehde were submitted for geochemical analysis General objectives of these 

inffuent/effluent boreholes are to determine 

0 Geotechnlcai characteristics of area soils. 

0 Accurate lithologic logs and depth to bedrock 

Chemical characteristic of soHs to determine 

a 

b 

Appropnate level of health and safety protection for construction, and 

Appropriate disposition of excavated soils 

In adddion, four piezometers will be installed at one location along the french drain during the Phase 

111 RFI/RI to assess the effectiveness of the drain (Figure 5-1) PZOl wrll be completed in weathered daystone 

adjacent to wells MW24 (collwium completion) and MW25 (weathered sandstone completion) Together, these 

wells and piezometers will serve to characterize the extent of saturation In various geologic units upgradient 
0 
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of the french drain PiezometerS PZO2. PZO3, and Pw4 will be completed in cdluvium, weathered claystone, 

and weathered sandstone (if present), respecthrely, to charactedze the extent of saturation downgradient of the 
e 

french drain Water levels in these wells and piezometer0 will be monitored both prior and subsequent to 

construction of the french drain In order to observe changes caused by its operation 

532  Chem i-of soil sa* 

Boreholes along the proposed french drain alignment w m  continuously sampled for lithologic 

descnptions from ground surface to bedrock Discrete soil samples were collected for volatile organic 

analysis every two feet, and composite samples for metal, inorganic, semi-vdatle organic, pesticide, PCB, 

and radionucltde analyses were collected every four feet, when recovery permitted SOU samples were 

analyzed for the parameters listed in TaMe 5-1 

One set of samples from each of the influent/eflluent boreholes were submitted for the analytes listed 

in TaMe 5-1 A continuous sample was obtained from zero to five feet in depth A discrete soil sample from 

five feet was submrtted for volatile organic analysis using stainless steel sleeves inserted directly into the core 

barrel before drilling, and the remaining material was homogenized and submrtted for the other analytes 

The anticipated depth of the influent/effluent pipeline is four to five feet This sampling and analysis scheme 

will enable the health and safety protacd for pipeline construction to be established, and will determine the 

ultimate disposal option for excavated soil 

0 

5 3 3 Geotechnical Testina of Sod Sa mdeg 

Geotechnical soil samples along the proposed french drain alignment were obtained from borehdes 

in accordance wlth standard penetration test procedures (ASTM 0-1586) Fourteen samdles were submttted 

to the laboratory for geotechnical testing Geotechnical tests indude moisture content, density, Atterberg 

limits, and grain size distnbution to further characterize geologic materials at the 881 Hillside In order to 

evaluate slope stability, direct shear tests were conducted on eight soil samples 
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Boreholes along the proposed infiuent/effluent pipeline alignment were drilled from ground surface 

to the top d bedrock sol 88mpleS W 8  Cdleded BvBTy fhre feet h 8ccordaW With 8WldWd pefWI'atbtl 

test procedures (ASW 0-1586) Twenty-one sdl samples were collected from these boreholes and were 

submitted to the laboratory for geatechnical testing Physical analyses induded molsture content, density 

and grain size distribution, and confined compressive strength testa Addltionally, ten unconfined 

compresshre strength tests were conducted on select samples to help evaluate slope stablllty 

0 

5 3 4 Geotrnkai  TQ&J of Samdeg 

Approximately 18 feet of bedrock were cored in each of the proposed french drain alignment borings, 

and geotechnical tests were conducted on selected sections of core These tests induded saturated back 

pressure permeabnity (constant head), direct shear strength, unconsolidated undralned triaxial shear, 

strength, unconfined compressive strength, msture and density and grain size analysis Sandstone units 

were not observed during the french drain geotechnical investigation drilling and were therefore not packer 

I 

I 

tested e 
5 3 5 In Sftu Packer Testing 

In situ packer tests were performed in borehdes drilled along the proposed french drain alignment 

to further characterize the hydraulic conducthnty of weathered bedrock at the 881 Hillside Area The tests 

were conducted in cored sections of open bedrock boreholes to isdate and test the hydraulic conductivity 

at depths of We, ten, and fifteen feet below the alluvium/bedrock contact. The detailed procedures for 

performing packer tests and for analyzing results are descnbed in the ER Program SOP (EG&G, 1990~) 



SECTION 6 

ENVIRONMENTAL EVALUATION PLAN 

61 INTRODUC TIW 

The objective of this Environmental Evaluation Plan is to provkle a framework for addressing nsks to 

the environment from potential exposure to contaminants resulting from the 881 Hillslde Area. This plan is 

prepared In conformance with the requirements ol current applicable legislation, including CERCIA, as 

amended by SARA, and fdlows the gutdance for such studles as provided In the NCP and EPA documents 

for the conduct of RCRA Facility Investigation activities Specifically, the EPA gutdance provided in "Risk 

Assessment Guidance for Superfund, Vol 11, Emronmental Evaluation Manual' (U S EPA, 1989d) is followed 

The goal of the environmental evaluation is to determine the nature and extent of potential impacts of 

contamination from Operable Unit No 1 to plants and animals (biota) Determination of the effects on biota 

will be performed In conjunction with the human health risk assessment for the 881 Hillside Where 

appropnate. criteria necessary for performing the environmental evaluation wit be developed in accordance 

with human health nsk assessments and environmental evaluations for all Rocky flats Plant operable unlts 

Determination of ecological impacts wiil be limited to those contaminants whose effects on biota are adequately 

documented in the scientific literature Information from the environmental evaluation will assist in determining 

the form, feasibility, and extent of remedhtlon necessary for the 881 Hillslde Area In accordance wlth CERCIA. 

6 1 1 ADDroach 

This plan presents a three-stage, sequential approach for conducting the environmental evaluation at 

the 881 Hillside This phased and compryhensbe approach is designed to ensure that all procedures to be 

performed are appropriate, necessary, and sufficient to adequately characterize the nature and extent of 

environmental effects to biota under the "no action" scenario As is recommended by EPA, this environmental 

evaluation is not intended to be or to develop Into a research-oriented project The plan presented herein is 

designed to provlde a focused investigation of potential contaminant effects on biota Each stage of the 
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I environmental evaluation actMtles will be coordinated with sitewide Rfl/RI actMties in order to avod 

unnecessary duplication of effort and resources 0 

Stage I of the environmental evaluation will focus on planning, review and integration of available data, 

and conduct of ecological field investigation Data quality objecthres @QOs) will be defined, and procedures 

for monitoring and controlling data quality will be specMed Preliminary field surveys and an ecological 

inventory will be conducted in Stage I to characterize the 881 Hillside study area biota and note the locations 

of obvious zones of chemical contamination andscdogical effects Site history, chemical data, results from 

the RFI/RI fate and transport models, and existing ecological data will be reviewed and evaluated Stage I 

activities will include a preliminary assessment of population-, community-, or ecosystem-level impacts 

(endpoints) to be measured Stage I actMties will provide a preliminary determination of the contaminants 

of concern and their potential adverse effects to key receptor species at the 881 Hillside, and will allow a 

conceptual ecdogical model of the site to be prepared 

- 

Stage II wilt entail development of a conceptual pathways model based on the ecological field 

investigation and Inventory This exposure-receptor pathways model will be used to evaluate the transport of 

contaminants from the 881 Hillside source to bidogical receptors The conceptual pathways model prepared 

in Stage Ii will provide an initial determination of the movement and distribution of contaminants, likely 

interactions among ecosystem components, and expected ecological effects 

Scoping and design of the Stage 111 investigation will be determined by the outcome of the preliminary 

Stage II analyses and pathways model During Stage 111, tissues will be analyzed from selected species to 

document current levels of specMc target analytes The primary endpoint for Stage 111 Is the detection of 

chemicals of concern in target species Selection of the target analytes, species, and tissues will be based 

on the Stage 1 determination of which contaminants are likely to be present in sufficient concentrations, 

quantnies, and locations as to be detected in biota The need for measuring additional endpoints in Stage 

111 through reproductive success, enzyme inhibition, or other toxicdogical-type studies mil be evaluated based 

on results from Stage I and Stage I1 analyses as well as appropriate acceptance criteria 
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612 Ml Hillside Co ntaminaticq 

Contamination of soil, ground water, surface water, and sediment occurs in the 881 Hillslde Area, 

although the exact extent is difficult to assess, gtven uncertainties in much of the data. Also, many possible 

contaminants have been found only infrequently and/or just above background levds, or may be associated 

with laboratory contamination From the data available, it appears that the major constituents (organics, 

metals, and radionudides) present above backgrwnd levels are the following 

Organics PCE, TCE, l,l,l-TCA, methylene chloride, acetone and phthalates, 

Metals cadmium, arsenic, antimony, mercury, manganese and barium, and 

Radionuclides plutonium, americium, uranium, cesium and tritium 

Ground Water 

Organics PCE, TCE, 1,l -WE, 1.1 -OCA, 1.1.1 -TCA, 1.1 ,P-TCA. CCI,, toluene, 1 ,P-DCA, CHCI,, acetone, 

methylene chloride, ethyl benzene, carbon disulfide, 2-butanone, vinyl acetate, total 1.2-DCE. total xylenes, and 

benzene, 

Inorganics nitrate, chiorde, sulfate, TDS, magnesium, sodium, calcium, potassium, and cyanlde, 

I Metals nickel, strontium, zinc, manganese, mercury, copper, selenium, lithium, barium, beryllium, iron, 

antimony, chromium, lead, aluminum, cadmium, cobalt and molybdenum, and 

Radionuclides uranium, tntium, strontium 89, 90, americium, radium 226 and cesium 137 

f IML PHASE 111 RFI R I  W K  P W  - 861 HILUIOC AREA 
ROCKY FIATS PUNT GOLDEN COLORADO 
eg6q\BOl\ri-fs\s~c-6 oct 



Organics PCE, toluene, CCI,, methylene chloride, acetone and 2-butanone, 

Inorganics TDS, nitrate, sulfate, magnesium, calcium and potassium, 

Metals strontium, zinc, aluminum, barium, iron, beryllium, cadmium, copper, mercury, lead. chromium, 

selenium, vanadium and nickel, and 

Radionuclides uranium, plutonium, strontium 89, 90, amencium, cesium 137, tritium, radium 226 

Organics ctdoromethane, TCE, chloroform, acetone, methylene chlorrde, carbon disulfide, 2-butanone 

and toluene. i. 
inorganics nitrate, magnesium and potassium, 

Metals beryllium, silver, tin, possibly aluminum, antimony, cadmium, chromium, copper, iron, lead, 

lithium, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, zinc and molybdenum, and 

Radionuclides plutonium, uranium and radium 226 

Many of the metal contaminants are likely to impact biota at Operable Unit No 1 if present at sufficient 

concentrations Several of the metal contaminants found in the 881 Hillside Area can be taken up by plants 

through their roots or deposned on plant leaves and stems In addition, they can be inhaled and ingested by 

animals These metals have various effects on biological organisms When ingested, antimony, arsenic, 

beryllium, cadmium, chromium, lead, mercury, selenium and tin can be toxic Arsenic, cadmium, lead and 

mercury function as cumulathre poisons, while beryllium, chromium, nickel and arsenic are carcinogenic 

Cadmium and lead cause neurological disruption, and copper, mercury, tin, cobalt and nickel act as biockles 0 
i 
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to certain species at low concentrations Some trace metals such as arsenic are thought to be essential trace 

metals in mamtna,ian species 

Many of the metal contaminants biomagnify wnh Increasing trophic levels In terrestrial habitats, this 

occurs from soil to plants for beryllium, cadmium, lead, mercury, nickel, selenium, tin and vanadium in 

herbivores, an increase occurs for antimony, arsenic, cadmium, chromium, copper, lead, mercury and 

selenium Only mercury and cadmium biomagnify In terrestrial carnivores In aquatic habitats, biomagnificatjon 

has been found in algae for antimony, arsenic, cadmium, copper, chromium, cobalt, lead, mercury, nickel, 

selenium, tin and vanadium In aquatic herbivores, an increase occurs for antimony, arsenic, cadmium and 

mercury, in carnivores, an increase occurs for cadmium and mercury 

- 

Bioaccumulation occurs within an organism when the organism stores specrfic contaminants Arsenic, 

cadmium, chromium, cobalt. copper, lead, mercury, nickel, selenium, tin and vanadium are concentrated by 

a number of bidogical organisms potentially present in the 881 Hillside environment 

0 Several of the vdatiie organic compounds found at 881 Hillside, such as PCE, are on the EPA Priority 

Toxic Pollutants List and are known to have acute and chronic toxic effects on aquatic life depending on their 

concentrations The elevated levels found in groundwater samples warrant evaluation for their potential 

exposure to receptor organisms 

High nnrate levels were found in the ground water, surface water and sediments Nitrates are relatively 

nontoxic to organisms although they can cause eutrophication problems Under reduced oxygen condttions, 

nitrbes and ammonia are especially toxic to aquatic organisms 

I According to the Radioecology and Airborne Pathway Summary Report (Rockwell International, 1986f), I 

plutonium is not considered to pose an ecological hazard to biota unless extremely high levels [ > 1 microcurie 

per square meter (mCi/m2)] occur The reason for this is thought to be the extremely low blologid mobility 

of the common forms of the element. These findings and other studies on the ecological effects of 

radionuclides will be reviewed for their applicability to the 881 Hillside environmentel evaluation 0 
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I 
6 1 3 protected Wild life. Vegetation and H a b m  

6 1 3 1 Wildlife 

The U S Fish & Wildlife Service has identified several listed endangered or threatened wildlife species 

which could possibly occur in the Rocky flats Plant area However, none is expected to occur because of lack 

of habitat These species indude the bald eagle (endangered), peregrine falcon (threatened), whooping crane 

(endangered) and black-footed ferret (endangered) 

- 

The bald eagle O.lallaeetusleyCOce~ha Ius) is primarily a winter resident around rivers and lakes, and 

the closest known nesting pairs are found at Barr Lake, 25 miles to the east of Rocky Flats The whooping 

crane americana) passes through Colorado during its spring and fall migrations Whooping cranes, 

blown off their migration course, could use the Rocky Flats area as a night roost These birds prefer large 

marshes and wetlands in broad open her  bottoms and prairies Such habitat is not present at Rocky Flats 

0 Two subspecies of peregrine falcon (FalcQperearlnus tund ng and F D. anatum) may occasionally occur 

in the Rocky Flats area as they hunt for prey Nesting preferences are high cliff sides and river gorges, both 

of which are absent at Rocky Flats However, nesting sites have been recorded to the west about 4 to 5 

miles from the sRe. 

The historical geographic range of the black-footed ferret (Mustela niariDeS) coincMes wdh that of the 

prairie dog, a principal prey species However, the black-footed ferret populations are now much reduced but 

still are associated with some prairie dog towns Large prairie dog towns (>80 acres for black-tailed prairie 

dogs) sufficient to support a black-footed ferret population are not expected to be present at Rocky flats 

1 
I 

6 1 3 2 Vegetation 

Ten federally-tkted or proposed plant species occur in Colorado, all of which are western slope species 

None of these is known or expected to occur on or near Rocky Flats A number of candidate species for 0 

FINAL PHASE I11 RFI R1 WRK PLAN - -1 HILLSIDE AREA 
ROCKY FIATS PLANT. &ouIQ( COLoRA#) 
*g&g\88l\ri-fs\sec-6 ect 

OCTODER 1990 
Pa** 6-6 



federal listing are known to occur in Jefferson and Boulder Counties but have not been MentiRed at Rocky . Flats 

6 1 3 3 Wetiands 

I - Numerous regulations and acts have been promulgated to protect waterdated resources, induding 

wetlands Wetlands play an important role in ecosystem processlng and In providing habitat to a variety of 

plant and animal species An assessment of Rocky flats wetlands was completed in 1989 (EG&G, 199Oh), 

these wetlands currently fall under the Jurisdiction of the Corps of Engineers Wetlands occur along Woman 

Creek and Pond C-2, and DOE activities with a potential to impact wetlands must follow regulations designed 

for their protection 

6 1 4  Scow of work 

in order to accomplish the plan objectives, a number of activities WM be prepared and executed These 

0 are briefly described below 

Stage I 

e Project Preparation - This activity indudes project planning, Mentfication of DQOs, and 
final design of the ecological inventory field sampling plan Also Included Is the revlew 
and analysis of existing information, Mentiflcatbn Os data gaps, and a preliminary 
determination of the contaminants of concern and their documented ecological effects 
on key receptor species 

Ecological Field Investigation - This activity represents the field surveys, inventory and food 
habit studies necessary to characterize the biota at the 881 Hillside Area Brief fleid surveys will 
be conducted in the winter, spring, summer and fall in the study area to obtain information on 
the occurrence, distnbution, variability and general abundance of key plant and animal species 
A W inventory will be conducted in late spring to obtain Ruantitathre data on the ecological 
attributes of important species' populations Samples collected as part of the actMty will be 
saved wherever possible for use in the Stage 111 tissue analyses As part of these activities, all 
collected fidd data will be reduced, evaluated, compared with and integrated into the existing 
data bank and food web model to update knowledge of sne condnlons 

e 

stage II 

. Contamination Assessment - This activity indudes the toxicity assessment, exposure 
assessment, development of the conceptual pathways model and characterization of Impacts 
to Mota posed by exposures to 881 Htilside contaminants 
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. Biological Contamination Studies - This activity indudes field and laboratory analyses of 
contaminant levels In select plant and/or animal species This activity may indude additional 
toxicdoglcal-type Investigations such as reproductive success or enzyme inhibitkm studies 
Samples collected in Stage I will be used wherever possible, new samples will be collected if 
needed 

. Remediation Critetia - Statutes require the sdectm of remedial actions sufficient to protect 
the environment This actMty entails consideration d federal and Colorado bws and 
regtiations pertaining to preservation and protectbn of natural resources that are ARARs. 
Available data on chemical exposures and toxicitieS will be evaluated and, to the extent 
practicable, criteria will be established that address biological resource protection 

addresses the scope of the investigation, site environmental characteristics and contaminants, 
characterization of effects, remediation criteria, condusions and limitations of the assessment 

I . Environmental Evaluation Report - This actMty represents the preparation of the report which 

Elements of the scope of work are descnbed in the following sections Stage I preliminary planning 

is presented in Section 6 2 The Stage I field investigation is described in Section 6 3 Section 6 4 presents 

the Stage II contamination assessment Section 6 5  describes the Stage 111 contamination studies 

Remediation criteria are discussed In Section 6 6 A suggested outline for the environmental evaluation report 

is presented in Section 6 7  The field sampling plan presented in Sedion 6 8  includes both the Stage I 

ecdogicai investigation and the Stage ill contamination studies 

An environmental evaluation of the 881 Hillside Area is necessary for Rocky Flats Plant to meet the 

requirements of Sections 121 (b)(l) and (d) of CERCLA An environmental evaluation, in conjunction with the 

human health risk assessment, is required to ensure that remedhl actions are protective of human health and 

the environment Guidelines for conducting this evaluation, which is also called an ecological assessment, are 

provided by EPA in Risk Assessment Guida nce for SuDerfund. Volume II. Environmental Evaluation ManugJ 

(U S EPA, 1989d) Additional guidance is derivck from EPA's ical Assessments of Hazardous waste 

Sites A Reference Docu ment (U S EPA, 1989c) 

The environmental evaluation is both a quaiitatwe and quantmtwe appraisal of the actual or potential 

injury to plants and animals (biota) other than humans and domesticated species due to contarnination at the 

881 Hillside I The environmental evaluation IS intended to reduce the inevitable uncertainty associated with 
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understanding the environmental effects of contaminants present at the 881 Hillside and to give more definitive 

boundaries to that uncertainty during remediation @ 

The plan for implementation of the 881 Hillside environmental evaluation provides a framework for the 

revlew of existing data, the conduct of subsequent field investigations, and the prepamtion of the 

contamination assessment. The staged approach presented in this plan begins with the acthdth descnbed 

In the following section preliminary planning, DQO development, support documentation, and review of 

existing information The field investigation and inventory, which is also part of Stage i, Is described in Section 

- 

6 3  

6 2 1 Preliminaw Planning 

This task includes an initial determination of the scope of the environmental evaluation, identification 

of DQOs, and a plan for determining the types of information required for each stage of the environmental i 

r evaluation Types of information required in Stage i of the evaluation indude the following 

IO 

0 

. Species present at 881 Hillside, communw structure and food webs, 

Obvious signs of ecological impacts, 

. Contaminant inventory, 

0 Contaminant sources and locations, chemical and radionuclide analyses of soil and water; 

Sediment composition and qualq, grain sizes and total organic carbon, and . 
Toxicity data to provide a preliminary determination of potential effects of contaminated media 
on receptor species 

As an integral part of the RFi/Ri process, Stage I of the environmental evaluation will focus on 

accumulating and anaiyzirCg pertinent information on three major areas 

0 Species, populations and foodweb interrelationships, 

Presence, distrlbution and concentrations of contaminants in the abiotic environment (e g , 
soil, surface water, ground water and air), and 

Potential exposure pathways and the effects d contaminants on various biological components 
In the affected ecosystems This is the conceptual pathways model 

. 
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0 Data from past studies and preliminary data from current environmental studies will be used to better 

define the present distrlbutlon of contaminants in the abiotic environmenZ Based on this information, a food 

web model wUI be developed to provide a preliminary identification of potential exposure pathways or 

combinations of pathways and receptor species at risk 

Information that wiii be developed from Stage I of the environmental mdluatb indudes the following 

. Criteria for selection of contaminants of concern, key receptor species and reference areas 

Species inventory - Plant and animal species known to occur within Operable Unit No 1 or to 

These criteria will be applicable to environmental evaluations at all operable units 

potentially contact contaminants at Operable Unit No 1 
. 
. Population characteristics - General information on the abundance of key species 

Food habit studies - Available information from literature sources to supplement field 
observations on key species 

Field surveys - Inventory of 881 Hillside biota and locations of obvious tones of chemical 
contamination and ecological effects 

Chemical inventory - Usting information indudlng that obtained on chemical contaminants 
from other investigatlons at Rocky flats and other DOE facilities wll be used in the development 
of a preliminary list of contaminants of concern 

. 

. 

. 

This informatmn wll provde the basis for the Stage II contamination assessment (Section 6 4) in the 

contamination assessment, comprehenslve food webs and contaminant exposure pathways will be developed 

for 881 HiilsMe Information on these food webs will be related to quantitatfve data on contaminants in the 

abiotic environment These data will then be used to evaluate potential impacts to biota due to exposure from 

the contaminants 

, Field studies for contamination wiii be conducted in Stage 111 for both aquatic and terrestrial systems 

Information from the Stage I field survey and the Stage iI contamination assessment will determine the 

methods to be used Tissue analyses will be conducted on selected species from 881 HlllsMe and reference 

areas to document current levels of specific target analytes Selection of the target analytes, species and 

tissues will be based on the Stage ii determination of which contaminants are likely to be present in sufficient 

concentrations, quantitks and locations at the 881 HillsMe Area as to be detected in biota. 0 
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The need for measuring additional endpoints In Stage 111 through reproductive success or other 

identified endpoints will be evaluated based on the Stage II pathway analysis. ToxkJty-based methods may 

~nvolve the measurement of a biological effect associated with exposwe to complex mixtures For this method, 

the selection of toxicdogid endpoints for indicator or target species will be based on a revseW of available 

scientific literature provlding quantitative data for the species o f  CoCIcBm Another approach involves the 

analysis of population, habitat or ecosystem changes Analysis o f  population, habitat or ecosystem changes 

will be based on species or habitats that represent bruad components of the Bcosystem or are especially 

sensdive to the contaminants Selection of the methodology Wip be based on appropriate acceptance criteria, 

eg  

0 

- 

. Measurement endpoint corresponds to or is predictive of the assessment endpoint, 

. Methodology is capable of demonstrating a measurable biological response distinguishable 
from other environmental factors such as weather 01 physical site disturbance, 

. Measurement is practical to perform and produces Scientifically valid results, 

Methodology and measurement endpolnt are appropriate to the exposure pathway, and 

A standard acceptable protocol exists for the methodology 

. 

. 

Determination of impacts will be based on establlshma of a statistically significant difference in the 

biological response between samples from populations at the 881 Hillside and at the reference area The 

determination as to what constitutes a statistically significant difference will be consistent with DQOs and 

quality assurance provisions of the QAPjP 

6 2 2 Data Qua litv Obiec tives 

The DQO development process wll be initiated during State I preliminary planning Development of 

DQOs will follow the three steps recommended by EPA Step I of the DQO process involves preparing 

definRions and concise DQOs Examples of Step I program DQOs for this environmental evaluation include 

the following 

Identify appropriate site-specific receptor species and contaminants of concern to det8rmine 
if there is a potential for adverse impacts to occur as a result of potential contaminant release, 
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. Evaluate the potential for impacts to occur to biological ~esources outside the boundaries of the 
881 HRside Area or Rocky Flats Plant, and 

Evaluate the need for remediation to protect the environment b 

Steps ii and 111 of the DQO process include identification of data uses and needs and design of the data 

collection program Products of Step I1 include proposed statements af the type and quality of environmental 

data required to support the DQOs, along with other technical constraints on the data collection program. The 

objective of Step 111 Is to develop data collection plans that will meet the criteria and constraints established 

in Steps I and II Step 111 results in the speciffcation of methods by which data of acceptable quality and 

quantity will be obtained The DQO development process will continue as moping of the environmental 

evaluation becomes m e  refined Additional Step I decision-type DQOs may be needed or data collection- 

type DQOs may be modrfied based on results of the Stage I preliminary planning process and subsequent 

refinement of the field sampling plan 

t 

6 2 3  &~ortDocclllle ntatlon 

In addRion to the work plan, proper conduct of this environmental evaluation will be dependent upon 

development of a field sampling plan The purpose of the field sampling plan is to ensure that field data 

collection activities will be comparable to and compatible with previous data collection activities performed 

at the site while providing a mechanism for planning and approving new field activities The field sampling 

plan provldes guidance for all fieldwork by defining In detal the sampling and datasathering methods to be 

used on the project The preliminary add sampling plan for this environmental evaluation is presented in 

Section 6 8 

Guidance for the selection and definition of field methods, sampling procedures and custody was 

acquired from the Compendium of Superfund Field Operations Methods, which is a compilation of 

demonstrated field techniques that have been used during remedial response activities at hazardous waste 

sites (U S EPA, 1987b, hereafter referred to as the Compendium) To the extent possible, procedures from 

the Compendium are incorporated by reference 
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6 2 4 Review of Mstlna lnformatiqn 

As an BssBntlEt) part of the environmental evaluation at the 881 Hillside Area, a review of documents, 

aerhl photographs, and data relevant to the site will be completed This will allow compilation of a data base 

from which to determine data gaps and to provide evidence for a defensible field sampling program If 

I 

I - available and applicable, historical data will be used 

Dunng preparation of this work plan, several documents were reviewed as part of an assessment of 

available information These included the nnal EIS, Rocky Flats Plant (U S DOE, 1980), Wetlands Assessment 

(EG&G, 1990h), Draft RI Report for the High PI.lority Sites 881 Hillside Area (Rockwell International, 1987a, 

1988a). Final Environmental Assessment for 881 Hillside (U S DOE, 1990~). among others Literature reviews 

will continue during the environmental evaluation Review of all available data formed the basis for the 

establishment of the initial sampling locations discussed in the Section 6 8 

6 3 FIELD INVESnG A TION (ST A I  GE 1 

The following field investigation consists of three separate programs The air program will entail 

emissions estimation and modeling The soils, surface water and ground-water program will be conducted 

as part of the Phase 111 RFI/RI activities The terrestrial and aquatic biota sampling program will be conducted 

as part of this environmental evaluation 

6 3  1 Air Quala 

It is necessary to model ambient air concentrations to estimate environmental risk which results from 

airborne transport of 881 Hillside contaminants to potential receptors Emission estimates wlll be calcu(ated 

for surface w~nd erosion and for the diffusion of vdatlles and semivdatiles existing below the surface through 

the top layer of soil wind erosion emissions will be estimated for total particulates, metals and radionuclides 

while soil diffusion emissions will be estimated for vdatiles and semhrdatiles detected below the surface, as 

determrned from ground-water, surface soil and soil boring sampling results Air quality dispersion modeling 

using a Chl/Q approach, which assumes a unit emission rate, will be pefformed Compound-specific emission 

f 
t 

I 
i 



1 
1 

rates will then be multiplied by the modeled impacts to produce compound-spec& ambient Concentration 

estimates, since predicted concentratlons are directly proportional to the emission rate 0 

Based on the dlspersbn modeling results, 24-hour and annual compound-specMc amblent 

concentratlons will be estimated at a set of receptor points on and downmnd of the actual 881 Hillside Area 

Pathways will then be defined using these receptors and risks calculated as necessary These estimates of 

ambient concentrations will then be used to perform a baseline risk assessment for each chemical of concern 

detected above background levels In the soil and ground water 

- 

Sde-specrfic soil data on contaminants present in surficial deposits currently exist for the 881 Hillside 

Area These data were collected as part of Phases I and II of the RFI/RI for the 881 Hillside Drilllng was 

conducted to klenttfy and characterize past waste disposal sites Borehdes were drilled within and adjacent 

to the IHSSs, and soil samples were collected and analyzed for organics, inorganics, metals and radionudldes 

Sequences of Rocky flats Allwium, colluvium, recent valley fill and Arapahoe Formation were sampled and 

tested in the field and laboratory Geologic and hydrologic data from Phases I and I1 dnlling programs 

provlded the basic framework for defining a chemical/hydrdogic/gedoglc model for the 881 Hillside Source 

contaminants and concentrations, as well as possible flow paths, rates and accumulations, were preliminarily 

assessed to characterize the dynamic system 

Vdatile organics data for soils prewously collected from the 881 HillsMe Area were rejected during the 

data valldation process and cannot be used in a quantitative sense Analytical results of the Phase I11 soil 

samples will be reviewed and interpreted for use in this environmental evaluation 

I 

The Phase 111 RFI/RI Work Plan proposes an additional soil sampling program at 881 Hillside to further 

characterize the extent of contamination, gain additional hydrdogic data and resolve questions regarding the 

presence and concentration of volatile organics Under the program, borehdes will be drilled to provide 

continuous core of the Rocky flats Allwlum, colluvium, recent valley fill and the Arapahoe Formation Soil 

samples wlll be analyzed for organics, inorganics, metals and radionuclides 
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As in prior programs, the soil sampling locations wll be placed in areas to characterize spec& sites 

Sample density as proposed in Section 5 is considered suffkient to provide a dear picture of soil 

characteristics and contaminant concentrations for ail soil types found In the 881 Hillside area The substances 

to be tested are also considered sufflclent for the environmental evaluation 

Soil analysis results are related to surface and groundwater regimens Flulds moving through the sois 

can act to leach contaminants, transport them through available flow paths and deposit them in downgradlent 

environments. So0 analyses may help define extent of contaminant sources as well as areas of accumulation 

Near-surface soil scrapings (top 1 cm) will be of prime importance for determining source contaminants 

for biota This uppermost layer is a major source of nutrient and contaminant uptake for the vegetation under 

study and is a potential source of contaminant ingestion to wildlife Sampling and analysis programs under 

Phase ill RFi/Ri fieid investigations will be reviewed and moddied when necessary to ensure that sampling 

intervals and methods are appropriate to cdiect surfichl soil samples 

6 3 3  Surface Wa t q  

Phase i and II surface water sampling and analytical results were evaluated with respect to this 

environmental evaluation plan Sampling locations presented in the work plan (Figure 2-18) are continuing to 

be sampled on a monthly basis through 1990 as part of the overall Plant sampling program All seeps and 

springs on the 881 HdlsMe will be sampled as part of this ongoing program Chemical results from the surface 

sampling locations will be reviewed and incorporated into the environmental evaluation 

6 3 4  Ground Water I 

I 

Results of the Phase i and ii ground-water investigations along with planned Phase 111 activities for 881 

Hillside were reviewed for incorporation in the preparation of this environmental evaluation Data from the 

Phase 111 program will aid in characterizing the nature and areal extent of groundwater contamination at the 

881 Hillside The hydrogeologic information and laboratory analytical results from the planned Phase 111 boring 



and well installation program will likewise be used in the environmental evaluatmn The above information will 

be used to assess the nature and extent of contamination in shallow ground water and help identify exposure 

pathways for the environmental assBssment 
I 

6 3 5 Terrestrial and Aauatk B la 

Few sitespeclfic Mdoglcal data exist for the 881 Hllskle Area. Field suweys will be conducted to 

characterize biological she conditions in terms of species presence, habitat characteristics and/or Community 

organization The emphasis will be to describe the structure of the Mdogical communities at the 881 Hillside 

in order to identify potential pathways, biotic receptors and key species 

6 3  5 1 Vegetatkm 

The objectives of the Vegetation sampllng program are to provide data for (1) description of she 

vegetation charactenstics, (2) Mentification of potential exposure pathways from contaminant releases to 

higher trophlc-level receptors, (3) selection of key species for Contaminant analysis to determine background 

condltions for the 881 Hillside, and (4) MentlRcatlon of any protected vegetation species or habitats The 

selection of key species is a subjective decision based on species dominance or judged importance in the 

food chain Criteria will be determined for the selection of key species 

I 

1 0 

Terrestrral Veaetatioq 

Vegetation is sparse and characteristic of disturbed areas except on the eastern edge of the 881 

Hillside Representative species include 

Junegrass (Koeleria c ristaw, Drop?eed (SDorobduS spp ), slender wheatgrass (AaroDvronmchvcaulutq) and 

green neediegrass (stirs virMul& which are interspersed with other grasses. shrubs, and a variety of annual 

flowering plants Transects will be established on 881 Hillside and along the Woman Creek drainage to collect 

phytosociological data on density, cover, frequency, biomass and species presence 

Grasses characteristic of the short grass plains are abundant 
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Wetlands have been MentiRed along Woman Creek (EG&G, 199Oh) These occur as linear wetlands 

which support hydrophytic vegetation specks induding sandbar willaw @@(e, american watercress 

(Barbarea orthocew , and plains cottonwood (Powl~  Other species associated with these 

wetlands indude broad-leaf cattail (Tv~hlatirolia), baltic rush o, cordgrass ( s e a r t i w m ,  

sitver sedge mwaearaclls) and various bulrushes m s p p )  

- 

1 

The periphyton community is a dosely-adhering group of organisms that form mat-like communities 

on rocks and other dtd  objects on the stream bottom It is composed of algae, bacteria, fungi, detritus and 

other macroscopic heterotrophic organisms Because of the large surface-to-volume ratio of its constituents, 

periphyton have been found to be an excellent indlcator community for accumulation of contaminants 

Perlphyton samples will be collected at designated locations on Woman Creek and Pond C-2 

Periphyton communities provide a sensflive mechanism to detect changes in aquatic environments that 

result from the introduction of contaminants Taxonomic composition and relathre abundance of periphyton 

can be measured on natural substrates as well as standardized artifklal substrates On hard artifichl 

substrates, data on algal abundance, biomass and species composition can be obtained by removing the 

substrate and by scraping or brushing the flora from a measured area into a container 

6 3 5 2 Wildlife 

A field survey will be conducted to gather data on animal communities at the 881 Hillside The objective 

of the animal ilfe survey is to (1) describe the existing animal community; (2) identify potential contaminant 

pathways through trophic levels, (3) develop food web models induding contribution from vegetation, (4) 

identify key species for potential collection and tissue analysis. and (5) Mentify any protected species 
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Terrestrlal 

Songbirds, larger mammals, reptiles and raptors may use the area dally, seasonally or sporadically, or 

wander through as vagrants. The fleld survey will document the presence of terresbjal specks and allow for 

a general descrlption of the community 

Benthic macrdnvertebrates probably as soft bottom communities in Woman Creek and Pond C-2 

The soft-bottom benthos is deflned as those macroscopic Invertebrates inhabltlng mud 01 silt substrates. 

Because these communities are essentially stationary, they are good integrators of past and present habltat 

contamination Additionally, their feeding methods (filtering microscopic organisms and fina materials and 

grazing periphyton), suggest that benthic species are incorporating other organisms that are potentially 

concentrating contaminants Designated locations in Woman Creek and Pond C-2 will be sampled for benthic 

organisms 

6 3 6 Reference Arm 

Reference areas will be selected when current and historical data are not available to assess impacts 

from 881 Hiilskle contaminants One or more reference areas will be selected based upon their similarity to 

the 881 Hillside Area and their lack of exposure to contamination Data cdleded at the reference area will be 

compared where possible to values reported in the scientific literature to demonstrate that the data represent 

a normal range of conditions Methods used to collect data at the reference area will be comparable to those 

used at the 881 Hillside Area 

Reference arms will be Mentrfied for terrestrial, wetland and aquatic specres to the west or north of the 

Plant away from potential effects assoclated with releases from either Rocky Flats Plant or the 881 Hillstde 

Sampling rationale, methodologies and procedures for both terrestrial and aquatic sampling are presented in 

Section 6 8, the Field Sampling Pian 
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0 The selection of reference areas will meet Step I DQOs and the selected assessment and measurement 

, endpoints Criteria for the selection of reference areas will be developed during Stage I preliminary planning 

Two basic criteria w#l be employed in the selection and establishment of reference areas 

1 

2 

The reference areas will be similar to the 881 Hillside Area in terms of sols sefies, topography, 
aspect, vegetation and habltat types and plant and animal assemblages. 

The reference areas, including vegetation and Wikllffe, have not been impacted by releases 
from the 881 Hillside Area or other Rocky Flats Plant operable units. 

6 4  CONTAMINATION ASSESSME NT (STAGE Ill 

The two ma@ objectives of the contamination assessment are to 

i 
i 
, 

a 

. Obtain quantitative information on the types, concentrations, and distribution of contaminants 
in selected species, and 

Evaluate the effects d contamination in the abiotic environment on ecdogical systems 
*. 

Conducting a contaminatlon assessment requires an evaluation of chemical and radidogical exposures 

and the subsequent toxicological effects on key species. Of spec& importance in the contamination 

assessment are the Uentification of exposure points, the measurement of contaminant concentrations at those 

points and the determination of potential impacts or Injury Impacts may result from movement of 

contaminants through ecological systems or from direct exposure (inhalation, ingestion, deposition) 

The Stage ii Contamination Assessment for 881 Hillside will be based on existing environmental criteria, 

published toxicological literature and existing, sWspecific environmental evaluations The program design 

will be integrated WW other ongoing RFI/RI studies so that concentrations of contaminants in abiotic medh 

can be related to contaminant levels and effects in biota 

The contamination assessment process is divided into the following fNe tasks 
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. site characterization, 

. Contaminant Identification, 

e Toxidty assessment, 

. Exposure assessment, and 

. Impact Evaluation 

The objecthres and description of work for each of these tasks is described below 

6 4 1  SiteCha- i 

Environmental resources at the sRe will be characterized based on data reviews from existing literature 

and reports, including results from the Phase 111 RFi/Ri investigation and the environmental evaluation field 

studies The description of the site will be presented in terms of the following distinct resource areas 

. Meteorology/Air Quality; 

Soils and Geology, 

. Surface and Ground Water Hydrology, 

. Terrestrial Ecdogy, 

. Aquatic Ecdogy, and 

Protected/lmportant Species and Habitats 

The purpose of the site characterization is to describe resource conditions as they exist without 

remedlation The narrative with supporting data will indude descriptions of each resource, with attendant 

tables and figures, as appropnate, to depct, in a concise and dear fashion, sRe conditions, particularly as they 

influence contaminant fate and transport. 

6 4 2 Contaminant ldenttfication 
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for selecting those contaminants which are of particular concern from an ecological perspective at the 881 

Hillside Although the selection process will parallel that for the human health risk assessment, the lists will 

differ somewhat based on contaminant fate and transport characteristics and species-specific toxicities 

0 

I Selection of the contaminants of concern will be evaluated in accoTcIBnce with EPA guidance 

mtamimts, bklng into 

- 6 4 3  ExwsureAssessmefl 

This task will Mente the exposure or migratb ocount 

envlronmental fate and transport through both physical and Mologlcal means Each pathway will be described 

in terms of the chemical(s) and media involved and the potential ecological receptors The exposure 

assessment process wdl indude the fdlowing four subtasks 

io 

. Identify exposure pathways, 

e Identify key receptor species, 

. Determine exposure points and concentrations, and 

Estimate chemical Intake for receptors . 

Each of these subtasks is described below 

6 4 3 1 Exposure Pathways 

The purpose of this subtask I to qualMvely identify the actual or potentral pathways by which various 

bidogicai receptors at or near the 881 Hillside might be exposed to site-related chemicals or radionuclides 

The exposure pathway analysis will address the following four elements 

0 A chemical/radionudide source and mechanism of release to the enwronment, 

. An environmental transport medium (SOU, water, air) for the released 
chemical/radionudide, 

. A pdnt of potential biological contact with the contaminated medium, and 

A b iw ica l  uptake mechanism at the point of exposure 



All four elements must be present for an exposure pathway to be complete and for exposure to occur 

Exposure pathwars will be evaluated and modeled, where possible, in this Stage II contamination 

assessment Toxicity tests may eventually be used based on model results or the need to conduct a direct 

effects-related investigation 

6 4 3 2 Identification of Key Receptor Species 

Key receptor species are those species which are or may be sensitive to the particular contaminants 

of concern Species that need to be considered In the contamination assessment include threatened and 

protected species, game species and species at higher trophic levels In food webs where contaminants are 

expected to bioaccumulate 

Critena for the selection of key receptor species will be based on a preliminary analysis of exposure 

routes and food web relationships as well as the known toxicological effects of the contaminants of concern 

This analysis wilf indude an evaluation of the species in relation to potentld contaminant exposure through 

both direct contaminant accumulation from the abiotic environment and bioaccumulation through the food 

chain 

Key receptor species may be the mule deer (Odoco ileus hemionu which is mobile and has a large 

home range, or an organism which is sedentary or has a more restricted movement such as plants, some 

invertebrates, and some small vertebrates For contaminants that bioaccumulate, the effects are usually most 

severe for organisms at the top of the food chain (e g , top predators) Examination of contaminant effects on 

these more mobile species may necessitate the integration of data from different operable units 

6 4 3 3 Determination of Exposure Points and Concentrations 
- a  

The identified exposure points are those locations where key ecological receptor species may contact 

the contaminants of concern Determination of exposure points entails an analysis of key receptor species, 
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locations and food ham in relation to potential contarninant e>qx#urre through both direct contaminant 

accumulation or deposRion from the abiotk environment and through indirect bioaccumolation 

A discussion of the nature and extent of contamination in the abiotic media (alr, soils, surface water, 

and ground water) is presented in Section 2 of this Phase 111 Rfl/RI Work Plan Phase 111 data will be 

summarized and used to characterize source areas and release characteristics at the site The exact exposure 

points can be expected to vary depending on both the contaminant and the key receptor species under 

conskierat Ion 

- 

Concentrations of chemicals that are likely to have the greatest impact (based on concentration in the 

environment, toxicity values, and bidogical uptake) will be determined by environmental fate and transport 

modeling or actual environmental media sampling for each exposure point Fate, transport and endpoint 

contamination levels wili be modeled using environmental multi-media risk assessment models Such models 

can provide the potential maximum concentrations of chemicals at the exposure points by which to evaluate 

the 'worst-case" scenario 

6 4 3 4 Estimation of Chemical intake by Key Receptor Species 

This step includes an evaluation of key receptor species' contaminant uptake by direct routes 

(inhalation, ingestion, dermal contact) and indirect routes (bioaccumulatkn) The amounts of chemical and 

radiological uptake will be estimated In the Stage I1 contamination assessment using appropriate conservative 

assumptions, We-spectfic analytical data, and guidance from EPA's Exposure Factors Handbook Direct 

measurement of contaminant uptake through tissue analyses wiil be conducted during Stage 111 of the 

environmental evaluation 

6 4 4 Toxicitv Assessment 

This assessment will include a summary of the types of adverse effects on biota associated with 

exposure to site-related chemicals, relationships between magnitude of exposures and adverse effects, and 

related uncertainties for contaminant toxicity, particularly with respect to wildlife Ecdogid receptor health l o  I 

I 
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f’ 
effects will be characterized using EPAdemed critical toxicity values when available in addition to selected 

IRerature pertaining to site- and receptw-specffic parameters 0 

Tissue contaminant analyses will be performed on samples of key species In Stage 111 These 

measurement endpoints will be chosen based on the predkted concentrations and the known toxlcdogical 

effects of single contaminants on receptor species The specie& contaminants and tissues to be sampled will 

be evaluated during Stage I preliminary planning 

I 

- 

Toxicity tests may be performed to address the biological effects associated with exposure to complex 

mixtures The need for toxicity testing will be evaluated during Stag68 I and II of the environmental evalueth 

6 4  5 Impact Evaluation 

Impact evaluation entails the integration of exposure concentrations and reasonable worst-case 

assumptions wnh the information developed during the exposure and toxicity assessments to characterize the 

current and potentiai impacts to the environment posed by contamination of the 881 Hillside Area The 

potential impacts from all exposure routes (inhalation, ingestion and dermal contact) and all media (air, soil, 

ground water and surface water/sediment) will be induded in the impact evaluation as appropriate 

0 

Characterization of ecological impacts on receptor species is generally more qualitattve in nature than 

characterizing human risks This is because the toxicological effects of most chemicals have not been well 

documented for most species Where speck information is available in the published literature, a more 

quantitative evaluation of effects will be made This approach is in agreement wnh EPA guidance documents 

(U S EPA, 19894) 

6 4 5 1 Ecological Effects Criteria 

Criteria that are usable and applicable for the evaluation of ecological effects are generally limited EPA 

Ambient Water Quality Criteria (AWQC) and Maximum Allowable Tlssue Concentrations (MATC) are the most 

readily available criteria Criteria found In federal and Colorado state laws and regulations pertalnlng to the 

i 

j. 
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preservation and protection of natural resources can also be used Criteria may also be derived from 

information developed for use under other environmental statutes, such as the Toxic Substances Control Act 

or the Federal insecticide, Fungicide and Rodentkide Act 

General krfonnation on the toxicity and BIIVIronmentB) behavior of chemical contaminants in relation to 

- biological resources will be compiled The selection d ecological effects crtteria will be based on available 

data which document the adverse effects of each potential contaminant of concern Selection of these criteria 

will be coordinated with other Rfl/RI studies and environmental evaluations. 
c 

I 

6 4 5 2 Uncertainty Analysis 

The process of assessing ecological effects is one of estimation under conditions of uncertainty To 

address these uncertainties. the environmental evaluation for the 881 Hillside Area will present each conclusion, 

along with the issues that support and fail to support the conclusion, and the uncertainty accompanying the 

conclusion Factors that limit or prevent development of definitive conduslons will also be discussed In 

summanzing the assessment data, the following sources of uncertainty and limitations will be specified 
~ 

0 

. Variance estimates for all statistics, 

Assumptions and the range of conditions underlying use of statistics and models, 
and 

. 

. Narrative explanations of other sources of potential error 

6 5  CONTAMINATION STUD IES (STAGE IIU 

Stage 111 will indude the tissue analysis studies and any additional toxicity studies used to determine 

impacts from the contaminants of concern on receptor species An initial design for the Stage 111 program will 

be completed in Stage I, after contaminants of concern and key receptor species have been selected Species 

to be sampled for tissue analyses will be designated to the extent possrble pnor to implementation of the 

Stage I field inventory in order to avoid a duplication of sampling effott I L 
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In order to demonstrate an impact, the bidogical response under conslcjeratlon and the proposed 

I 0 methoddogy should satisfy program DQOs as well as the fdlowing more specac criteria 

. The biological response Is a welldefined. easily identifiable and a documented response to the 
Contaminant, 

Exposum to the contaminant is known to c a w  the biological response in laboratory 
experiments or experiments with free-ranging Organisms, 

The bblogical response can be measured using a published standardbed laboratory or field 
testing methoddm 

The biological response measurement is practical to perform and produces scientifically valid 
re8ufts, and 

difference in the biological response between sampfes from populations in the reference area 
and the 881 Hillside Area. 

. 

. 

. The determination d impact will be based on the establishment of a statlsticaliy significant 

6 5 1 Tissue Analvsig 

Tissue analyses will be conducted to measure the total concentration of specMc chemical compounds 

in key receptor species Because individuals and species accumulate contaminants differentially in their 

tissues, environmental concentrations and general uptake rates will not necessarily predict biotic 

concentrations or adverse effects Analysis of tissue contaminant concentrations will provide data to evaluate 

the relationship, if any, W e e n  environmental concentrations and the amount of contaminants accumulated 

in receptor species Selection of the species and speciflc tissues for analysis will be based on a preliminary 

evaluation of site-specific food webs and potential contaminant transport pathways 

0 

To the extent possrble, tissue samples will be collected simultaneously with environmental media 

samples This will allow for a determination of site-specific bioconcentration factors (BCFs) These BCFs will 

be incorporated into the final exposure assessment and pathways analysis model Where BCFs cannot be 

determined, published or predicted BCF values will be used in the pathways model to assess potenthl impacts 

Prior to conducting the State 111 tissue analysis studies, the field sampling plan will be refined and more 

specrfic DQOs will be formulated The field sampling plan will address the fdlowing 

I 
' I  

The number and types of analyses to be run, 
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6 5 2  

. The species, locations, and tissues to be sampled, 

The number of samples to be taken, 0 

The detection limits for contaminants, and 

. The accepsable margin of error in analyzing results 

Toxicity tests may Indude either in-situ (in-fietd) or laboratory toxicity tests In-situ methods usually 

Involve exposing animals In the field to existing aquatic or soil conditions. Laboratory toxicity tests can be 

used to evaluate the lethal or sublethal effects of chemicals as they occur in environmental media. Both 

approaches can be used to test for toxicity of mixtures as they actually occur In the environment. Selection 

of a particular methodology will be based on the capability of the method to demonstrate a measurable 

biological response to the selected contamlnant(s) of concern 

1 6 6  REMEDIATION CRIER 19 

Remedation critena protective of site-specific plants and animals for the contaminants of concern can 

be developed based on detailed food web analyses These ecological effects criteria are determined by 

tracing the biomagnification of contaminant residues from organisms at the top of the food web back through 

intermedate trophic levels to the abiotic environment. The 'no effects' criteria levels for abiotic media are 

then derived from contaminant concentrations known to produce effects in the highest trophic level organisms 
, 
I 

, 

The acceptable (no effects) criterla levels will be used in conjunction with ARARs to evaluate potential 

adverse effects on biota as is appropriate for the environmental evaluation portion of the Phase 111 RFI/Ri 

This approach will be integrated with the human health risk assessment process and will assist in the 

development of @tent@ remediation criteria 

! 
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6.7 E " M E N T A I . E V ~ l l O N R F P O R T  

An Environmental Evaluation Report WUI be prepared In a dear and concise manner to present study 

results and interpretation An relevant data from the envlronmental evaluation, in additlon to relevant Phase 

111 RFI/Ri data, will be Integrated and evaluated in the characterization of potential environmental impacts The 

following topics will be covered In the report I 

Objecthres, 

scope of Investigation, 

sit8 bSCd@&n, 

Contaminants of Concern and Key Receptor Species, 

Contaminant Sources and Releases, 

Exposure Characterizatbn, 

Impact Characterirath, 

Remediation Criteria, and 

Condusions and Limitations 

A proposed, detailed outline of the report Is shown in Table 6-1 

6 8 PRELIMINARY FIELD SAM PUNG PLAY 

The environmental evaluation of the 881 Hillside Area is planned in three stages as described in Section 

6 1 5 Field sampling actMties will be conducted In Stage I and Stage 111 of the environmental evaluation 

Stage I will include brief field surveys and an ecdogical inventory of biota present at Operable Unit No 1 The 

field surveys will be conducted to obtain information on the occurrence, distribution and general abundance 

of 881 Hillside biota. Data obtained in the field inventory will be used to develop a detailed food web model 

of Operable Unit No 1 and to provide input to the Stage II pathways analysis Planning for the Stage 111 tissue 

analysis program will begin In Stage 

I 
I 
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TABLE 6 1  

DRAFT ENWRONMENTM EVALUATION REPORT OUTLINE 
881 HILLSIDE 

EXECUTIVE SUMMARY 

1 0  INTRODUCTION 

1 1  OBJECilvES 
1 2  SITEHISTORY 
1 3 SCOPE OF EVALUATION 

2 0  SITE DESCRIPTION 

2 1 PHYSICAL ENVIRONMENT 

2 1 1 Air Quality/Meteordogy 
2 1 2  sols 
2 1 3  Surfacewater 
2 1 4  Groundwater 

2 2 BIOTIC COMMUNITY 

2 2 1 Freshwater Community 
2 2 2 Tenestrial Community 
2 2 3 Protected/lmportant Species and Habitats 

3 0 CONTAMINANT SOURCES AND RELEASES 

3 1  SOURCES 
3 2  RELEASES 

4 0 CONTAMINANTS OF CONCERN 

4 1 
4 2 DEFINITION OF CONTAMINANTS 

CRITERIA DEVELOPMENT FOR SELECTION OF CONTAMINANTS OF CONCERN 

5 0 TOXICITY ASSESSMENT 

5 1 
5 2 CONTAMINANT EFFECTS 

TOXICITY ASSESSMENTS OF CONTAMINANTS OF CONCERN 

5 2 1 Terrestrial Ecosystems 
5 2 2 Aquatic Ecosystems 

6 0 EXPOSURE ASSESSMENT 

6 1 CONTAMINANT PATHWAYS AND ACCEPTABLE CRITERIA' DEVELOPMENT 

6 1 1 General Methoddogy for Pathway Analysis 
6 1 2 Selection of Key Receptor Species 
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8 0  

9 0  

10 0 

6 2  

6 3  

6 4  

6 5  

EXPOSURE POINT IDENTIFICATION 

6 2 1  Air 
6 2 2  Sdl 
6 2 3 Water 
6 2 4  VegeWOfI 

CHEMICAL FATE AND TRANSPORT 

EXPOSURE POINT CONCENTRATIONS 

6 4 1  SdtandSedimentConcentrations 
6 4 2  SufaceWaterConcentrations 
6 4 3 Ground Water Concentratlam 
6 4 4  V ~ c o n C e n t t a t i o n S  

EXPOSURE PAWAYS 

6 5 1  TerrestrialPathway 
6 5 2 Freshwater Pathway 

IMPACT CHARACTERIZATION 

7 1 DWELOPMENT OF ECOLOGICAL EFFECTS CRITERIA 

7 1 1  AkCdteI'h 
7 1 2 S d  and Sediment Criteria 
7 1 3 Freshwater Criteria 
7 1 4  VegetationCrtteria 

7 2 EFFECTS CHARACTERIZATION 

7 2 1 Terrestrial Pathway 

7 2 1  1 Air 
7212SOa 
7 2 1 3 Vegetation 

7 2 2 Freshwater Pathway 

7 2 2 1  Air 
7 2 2 2 Surface Runoff 
7 2 2 3 Seeps and Springs 

ASSUMPTIONS AND UNCERTAINTIES 

RECOMMENDATIONS AND CONCLUSIONP 

REFERENCES 



I, so that samples collected in the Stage I Rekl knrentory may be used for Stage 111 tissue analysiswherever 

possible The need for further contaminant studies (e g , reproductive success or enzyme analyses) in Stage 

111, in addition to the tissue analyses, wlll be determined based on Stage I and Stage II findings I 

The fdiowlng field sampling plan Is provisronel and may be modifled The Stage I sampling plan is 

largely complete b ~ #  may be altered in order to better coordinate with the surface water and soil sampling 

programs. The Stage 111 field sampling plan will be degioned in greater detal after contadnartts of concern 

and key receptor species have been kfentlfisd and a preliminary determination of food webs and contaminant 

source-receptor pathways has been developed This information wiU ellaw determination of which 

contaminants of CoCIcBm are likely to be present in sufficient concentrations to be detected in biota and which 

biota are most practical and suitable for sampling 

- 

6 8 1 Sarnding Obiactives 

The Stage I sampling program for 881 Hillside has four broad objectfms 

f. 

1 Conduct brief field surveys and an ecological inventory to describe the existing ecological 
setting in terms of habitats, vegetatkm. wildlife and aquatic spedes Observations for obvious 
signs or zones of contamination or impacts to biota and thdr habitats will be made The 
inventory will be accomplished through the use of established ecdogical field methodologies 

From the above data, identify key food chain species which represent the major flow of energy 
and thus the major pathways for contaminant transfer from physical environmental media to 
higher trophic-lwei ecological receptors 

Identify the presence or absence of protected or other important species and habts. 

Provide sitespecific informath far determining objectfves, measurement endpoints and 
methodologies for any needed Stage 111 field/lahtoty contamination studies 

2 

3 

4 

Data from the Stage I iflefd surveys and inventory wli be summarized, tabulated and accompanied with 

a narrative description of the following data types 

0 Spedes Present, 

Habitat Descriptions, 

. Crftical/Protected Habbts, 
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Protected Species, 

Tenestrial and Aquatic Foodwebs, 

Potential Exposure Pathways, 

Abundance of Key Specks, 

Vegetation Blomass, 

vegaationcover; 

Vegeta th  Frequency and Denshy (shrubs/trees), and 

Vegaation Importance (community dominance) Values 

Appropriate statistical tests will be used to analyze the data so that precision and accuracy of the 

results can be presented at a stated level of confidence Depending on the data types being analyzed, within- 

and-between statlon differences, withln-and-between season differences, and wlthimand-between species 

dtfferences will be presented Means, variances, standard errors, analyses of variance, regredon and 
t i  

1 
4 correlation coefficients will be computed as appropriate Non-paramettic methods will be employed where 

variances are heteroscedastic and population distribution is non-MxmB( Where sample sizes are insufficient 

to detect drfferences, only descriptive statistics will be prepared 0 

6 8 2 Samde LocatiO nandF reauency 

Both Stage I and Stage 111 Reld sampling acthrlties will be located and timed to the extent possible to 

coincide wrth cdledion of other media samples such as soils, surface water and ground water This will 

provide a synoptic view of potential contaminants In all relevant media at one time 

The field sampling plan for Stage I is based on the assumption that brief field surveys will be conducted 

in the winter, spring, summer and fail of 1991 and that the ecdogical field inventory will take place within the 

MayJune 1991 timeframe Information from the surveys and initial field inventory will be used to evaluate 

the need for a mld- to late-summer inventory A second inventory period would be required if field data 

indicated a summer-to-fall pulse of key species’ populations importarU to the environmental evaluation 

f1NAL PHASE I11 RFI RI y#l: P U N  - em HXLUIM ARU 

o~&g\881\ri-?s\roe-6 oct 
ROEICY FLATS P M T .  dum. COLORAOO 

OCTOBER 1990 
P.0. 6-32 



, -  
I 

6 8 2 1 Locations for Vegetative Sampling 

Stage I vegetation inventory and sampling for phytosociological data Hllll be performed at Operable Unit 

No 1, along the South Interceptor DIch and Woman Creek south and east of the 881 Hillslde Area A 

systematic walk-through of these areas will be conducted during the field surveys and spring field inventory i 
- 

A stratifled randomization procedure will be utilized to identify sampling locations for the quantltatlve 

vegetative descrjptkm portion of the field inventory The bads for selecting a random procedure of vegetation 

transect/plot locatbn Is to obtain as unbiased an estimator as possible of true population parameters for 

cover, density and frequency StratMcatbn is required because several distinct vegetatlon types appear to be 

present In the study area, includinQ prairie grassland, marsh, streambank vegetation, well-vegetated dlsturbed 

areas and sparsely vegetated disturbed areas. 

The basis for stratification will be a vegetation type map, to be prepared based on the 1975 Unhrersw 

of Colorado vegetatlon map of Rocky Flats, updated by visual observations during the field surveys This map 

will cover the 881 Hillside Area and the nearby areas along W m n  Creek and the South Interceptor Dltch ’ 0 

Vegetable sample plots will be located near soil sampling sites whenever possible The exact location 

of the study plots will be selected by a double randomization procedure The first, used to select the soil 

sample locations, is described In SeCHon 5 2 3 of this RFI/RI Work Plan From each sdl sampling point, the 

centerpoint of a vegetation plot will be selected based on a random distance (to 10 m) and random direction, 

using random numbers tables Plot locations will be selected until an adequate number has been selected for 

each major vegetation type Locations will be discarded under several condfilons where the seiected location 

is in a vegetation type for which an adequate number of plots has already been selected, where the vegetation 

of the plot is not homogeneous (located In more than one type, or across an ecotone), and where the plot 

would be located In buildings or paved areas A similar process will be used for transects along Woman Creek 

and the South Interceptor Dltch, where the sample locations will be In the general area of the soil, sediment 

or water sampling points Since vegetation types associated with these features tend to be linear, the 

randomization process may require limits on direction In addition, multiple plots will be located near [within 

50 meters (m) each water sampling point to provide an adequate sample size 0 
I 

x 



6 8 2 2 Locations for Periphyton Sampling 

Periphyton samples will be collected at the fdlmng surface water sampling locations SW-31, SW- 

32, SW-46, SW-’Io and Pond C-2 (Figure 2-18) Should periphyton be absent at a particular location, the 

nearest location downstream supporting periphyton will be sampled end located on e map 

6 8 2 3 Locations for wlkllife Sampling 

A terrestrial wildlife lnventofy will be conducted within the 881 Hllskle Area, the South Interceptor Ditch 

and along Woman Creek south and east of 881 Hillside Small mammal sampling will be conducted, to the 

extent possible, at the vegetative sampling locations 

Benthic organisms and flsh will be collected at SW-31, SW-32, SW-46, SW-70 and Pond C-2 If no 

aquatic habitat Is present at these designated locatlons, the nearest downstream location with suitable habitat 

will be sampled The intent Is to sample for benthos and fish at locations that also are sampled for sediments 

and surface waters. 

6 8 2 4 Stage 111 Tissue Sampling Locations 

Locations for the cdlectim of Stage 111 tissue samples (terrestrial vegetation, periphyton, benthos, 

macrobenthos, fish) will be based on surface water, sop and sediment sample locations, as well as potential 

contaminant release areas Stage 111 sampling locations will Indude Stage I sampling sites (le fnre x,y 

coordinate Mocks), designated locations near or within lHSSs 102, 107, 130, 119 1 and 1 19 2 and 130, and 

surface water sampling locations SW-31, SW-32, SW-46, SW-70 and Pond C-2 Depending on the analysis 

and selection of contaminants of concern, contarninant sources, key receptor species, contarninant pathways 

and exposure points, the above sampling locations may change The intent is to cdiect tissue samples where 

existing abiotic media sampling occurs, to the extent possible 
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6 8 2 5  Sample Frequency 

Stage I Reld surveys AI be conducted during one-week periods In the winter, spring, summer, and fall 

of 1991 Special note d transitory species, migratory specles, and seasonal breeding habits wlll be made 
I 

- during these rnultl-season suweys 

Stage I field Inventary sampllng will OCCUT durlng May/June 1991 Where possible, samples collected 

during the inventory WUI be saved and used In the Stage 111 tlssue analysis studies. 

6 8 3  ReferenceArm 

Stage 111 tissue analysis studies will require the sampling of contaminated and control areas In order 

to establish a relationship between contaminated conditions and background conditions In areas not exposed 

to Rocky Flats Plant contamination Selection of reference areas wil be based on criteria developed in the 

stage i prdiminary ptanning process. Pot- selection criteria indude the presence of species to be 

sampled and slmilarity to the 881 Hillslde in terms of topography, aspect, soils, vegetatlon, range type and land 

use history Reference areas HlllI be upwind from prevailing air flow patterns through and upstream of drainage 

off the Plant. 

i L 

! 0 

i 

I 

i 

The aquatic species reference areas ideally s M d  be located in Rock Creek A site visk will be made 

to the proposed aquatk sampling locations (existing surface water sampling points SW-31, SW-32, SW-46, SW- 

70, Pond C-2) at the 881 Hillslde Area (Figure 2-18) Habitat charactenstics will be noted if not previously 

recorded in on-going Plant studies (depth, flow, substrate type, pool/rHRe, aquatlc/streamside vegetation, etc ) 

This process will be repeated at potential reference sites The reference site locations will be based on OqOs 

and the measurement endpoints selected in the Stage I and Stage 111 sampling plans 



P 

I 

j. 

0 i 

6 8 4  -0 I - Field Survev and Inventow &npl Ina M e t m  

6 8 4 1 Vegetation 

Both qualitative and quantitative methods will be used to characterfie the terrestrial and wetland 

regetation at the 881 Hillside The fdlowing qualitatbe procedure will be used in the Stage I field surveys 

1 

2 

Systematically walk the 881 Hillside Area, the South Interceptor Ditch and Woman Creek area 

Record on a vegetation data sheet all vegetation species encountered Information to be 
recorded Includes 

. scientific name, 

. Common name, 

. ufe form. 

. Vegetative stage at the time, 

Qualmtive statement on condition, and . 
. Qualitative statement on abundance 

The following quantitative procedures will be used in the Stage I field inventory to collect strudural and 

compositional data 

0 At each plot selected by the process described in Section 8 2 1, a 10 m long transect will be 
laid out in the randomly-selected direction 

All shrubs will be enumerated which are rooted within 1 m of the transect centerline Shrubs 
are defined as woodyvegetation over 0 5 m in height, and with a stem diameter of less than 2 5 
cm at 1 4 m aboveground, smaller woody plants will be counted within the herbaceous stratum, 
and larger ones as trees For each shrub rooted wnhin the belt transect, the following data will 
be recorded species, height, and two cover diameters at right angles (to calculate areal 
average) 

0 

Herbaceous cover wlll be visually estimated by species to the neared percent within a 1 m2 
plot 

Biomass (dry weight) of herbaceous and low shrub vegetation wUI be obtained by dipping 
from a Y m2 got 

Trunk diameter, height, canopy diameter, and species of each tree within 5 m of the transect 
centerline will be recorded 

. 

. 
Field data will be processed to yield mean cover, density (shrubs and trees), diameter (trees), 
biomass, and frequency by species and/or life form Each plotpansect MI be considered as 
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an observation In calculating the mean and variance Sample adequacy will be determined for 
herbaceous cover and biomass (fresh weight) using Cochran's formula (1977) 

where N = the minimum number o f  samples needed 
t = t distribution value for a given level o f  COnfMence 
s'= thevarianceestbnate 
x = themeandthesample 
d - thelevddacwtacydesired 

Since adequate sample site may differ for cover sampling than for Momass sampling, dtfferent sample 

sizes may be required In addition, sample sizes may differ among vegetatbn types 

6 8 4 2 Terrestrial Wildlife and Invertebrates 

The Stage I survey will note the presence or absence of tenestrhl/wetland species and their food 

habits The survey procedure wdl indude a systematic walk-through of the 881 HlisMe Area, South Interceptor 

Ditch and Woman Creek to record ecological features These mll be recorded on a field data sheet and 1 

I 

Specles encountered/obsewed. 

. scientific name, 

. common name, 

. Qualitative statement on 

- Condition, 

- Abundance, 

I io 

Habitat requirements, 

- Predator/prey specles/food qabits, and 

- Regulatory status, and 

. Species presence wll be determined by 

- visual observation, 

- Vocalization, 

- Burrow/den, 
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Nest, and 

- Droppings/scat 

Quantitative information on wildlife populations wdl also be obtained in the Stage I field inventory 

Inventory sampling W lndude the following procedures 

Live trapping of small mammals wWI take place both on the hillside and along the South 
Interceptor Ditch and Woman Creek Trap lines will consist of 25 stations with traps placed at 
15m intends, two to a station and baited with rolled oats or barley Traps will be set for three 
or four nights and animals caught MI be released alive after recording the fdlowlng 

Scientific name/ common name, 

S a ,  

Reproductive condition, 

Weight, and 

Life history stage 

Reptiles wlll be counted along the Same transects used for small mammal trapping The 
observer wlll walk the line of the transect and search the ground for reptiles within three to five 
meters either sMe of the transect center line Data to be recorded lndude 

Species encountered, 
0 

Qualitative statement on abundance 

. Medium and larger sized mammals will be counted by recording all species along a systematic 
walk-through of the 881 Hillside, the South Interceptor Ditch and Woman Creek Counting will 
occur during the small mammal transect trapping Species encountered and activity will be 
recorded 

. Fdiage invertebrates will be collected by sweep net and beating Sweep netting involves 10 - 
20 strokes through the entire plant taking care not to destroy or Injure the shrub, grass or forb 
being sampled Beating involves a shallow net placed under the parts of a shrub or tree 
sampled Three to five hard hits on the shrub/tree with a stick knocks the invertebrates to the 
net below t 

I 

. Invertebrates will be placed in a killing jar and returned to the laboratory for processing and 
Mentifieation to Order Ground arthropods encountered wlll be identified to Order In the field, 
if possible If not, they will be placed in killing jars, returned to the laboratory, processed and 
Menttfied to Order 

Data to be recorded will indude 

i 0 Host plant, 

Predator/prey species, 

FIWL M E  111 RFI RI P U N  - -1 HILLSIDE ARU 
ROCKY FIATS PUNT.  &LOEN COLORAOO 
ogLg\BBl\rl-ts\soc-6 oct 



1 1  
! i. 

Herbivore, and 

6 8 4 3 Periphyton 

The following method MI be employed at the selected locations along Woman Creek, South Interceptor I 
Ditch and Pond C-2 In order to characterize the periphyton communities. I 

I 

. Surface-floating samplers constructed of styroroam and a submerged rack containing sk 
plexiglass slides will be used to collect periphyton The upper end d the vertically-suspended 
slides will be placed about 30 cm below the &ace of the water During low-flow periods, the 
samplers will be suspended at 45. instead of vertically To anchor the sampler in place, 
sufficient weight will be attached at the end of a cord from the bottom of the sampler (cord 
length varied depending upon the depth at the sampling Site) The exposure period in the field 
will be 28 + /- 1 days If sudace-floating samplers cannot be placed, periphyton will be scraped 
from substrate (natural) 

sides of the slue and rinsed with distilled water After the sample is diluted (as necessary) 
and preservative added, a subsample will be taken and altowed to settle for approximately 12 
hours in a sedimentation cylinder The dilutlon volume (usually 200 ml to lo00 milliliters (ml)] 
and the volume of the subsample (1 ml to 5 ml) are dependent upon the amount of growth on 
the slide 
320X 

. For direct cell counts (identification and enumeration), algal growth wdl be scraped from both 

Organisms WIN be identified to genus and enumerated with a microscope at about I 

. Biomass determinations will be made by scraphg the growth from both sues of the slide into 
a pre-weighed crucible The residue is to be dried at lOS*C for 12 hours (or until a constant 
weight is obtained), weighed, and then ashed in a muffle furnace at 60i3.C for 1 hour and 
weighed again The difference between the two weights is the ash-free dry weight or organic 
weight of the sample 

will be scraped and rinsed with a 90 percent acetone solution, resulting in extract vdumes of 
20 to 50 ml After the extract is homogenized and steeped for a minimum of 12 hours, it w#l 
be clarified by centrifuge tuba The absorbance (optical density) of the extract is to be read at 
750 and 630 nanometers (nm) in a spectrophotometer if dilution is necessary, 2 ml of the 
extract wdl be added to 10 ml of 90 percent acetone solution The amount of phaeophytina, 
a natural degradation product of chlorophyti-a. will be determined by examining the optical 
density at 633 nm before and after actdification 

. To determine the concentrations of chlorophyll-a and phaeophytin-a, both sues of the slides 

I All analyses will be completed wnhin flve days of the collection of the slides from the fieid (U S 
EPA, 1987b) 

6 8 4 4 Macrobenthos 

Benthic invertebrates are the most common fauna used in ecological ass8ssments of contaminant 

releases and are defined as the invertebrates retained by screens of mesh size greater than 0 2 millimeters 



I 

- 
I 

0 

0 

I 

r e 
t 

(mm) Two types of sample collectors wlll be used to obtain macrobenthos samples a Surber sampler with 

a mesh net and a Ekman grab sampler 

At those stations where shallow M e  habitats dominate, a Surber sampler (0 09 m2 or 1 square-foot) 

with a 352 micrometers (rm) mesh net will be used Triplicate samples are to be taken on a transect upstream 

and within 10 m of the designated sampling location Samples will be placed in small plasuc jars and 

reference specimens preserved In a 70 percent bpropanol solution. Supplemental data on the time the 

samples are collected, weather conditions, water temperature, depth and general nature of the substrate for 

each sample, and width of the creek at the transect will also be recorded 

At creek locations where the water is shallaw and the bottom is soft mud or sit with little current, a 

@e-mounted Ekman grab sampler will be used The Ekman may also be used with a remate messenger to 

trigger the sampler Once the sample is obtained, the entire contents wll be placed in a large plastic bag 

and returned to the field laboratory where the contents will be sieved through a No 35 mesh (500 rm) sieve 

and placed in a large white tray Organisms will be separated from the debris with forceps under a table- 

mounted magnifier Specimens wUI be presewed in vials of 70 percent ethanol solution Identification and 

enumerations, generally to genus, will be made using dissecting microscopes 

6 8  4 5 Fish 

Fish will be collected in 10- to 25-meter-long collection areas The section will be fished using a Smith- 

Root backpack shocker The anode on the shocker mil be fitted with a nonconducting collection net, and the 

operator wiii be assisted by one person equipped wrth fine-mesh, long-handled dip net for fish capture A 

standard effort of approximately 900 shocking-seconds will be used to collect the fish An alternative method 

consists of seining the Mocked-off creek sections, one person on each side of the seine The seine is moved 

along one end to the other with poles on the bottom At the end of a given length of collection area, the seine 

is idted from the creek and fish are collected 

Block nets will be set across the creek at the upstream and downstream end of the section prior to 

sampling, and multiple electroshocking passes will be made through the area. 
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0 Captured flsh will be held in a floating pen untl processed Fish will be identtfied to species, counted, 

and measured for length (mm) Weights will be determined by water displacement or by spring balance Data 

will be recorded on standardized field sheets Samples will be taken for laboratory identification/confirmation 

- Analyses will consist of compiling and summarizing the number, size and weight of each species of fish 

captured at each sampling site Graphic presentations may indude fish Iength-fWUenCy histograms and 

plots of catch per effort for each sampling area. 

6 8 5 111 - Tissue Analvsls i Methods 

The methoddogies selected for tissue analysis studies will depend on the contaminants of concern and 

their anticipated effects on the selected key receptor species Contaminants of concern and key receptor 

species will be determined as early as possible in the Stage I planning process it is anticipated that some 

biota samples collected in the Stage i inventory can be saved and used in the Stage 111 tissue analysis study 

Standard protocol for preserving samples for tissue analyses will be fdiwed in those instances where it is 

anticipated that tissue analyses Mi be conducted 

Analyses for metals and radionudides in biota may call for a greater Momass of tissue than is avarlable 

through standard cdlection methods. At least 55 grams of m a t M  (wet weight) is needed per sample for 

metals analysis, and 1 kilogram (kg) of material is needed for tadionudldes For vegetation, roots to 12 Inches 

and aboveground tissues would need to be analyzed separately Obtaining this a m n t  of sample may be 

impractical for some species of vegetation, or for periphyton, benthos, and macrobenthos It is not the intent 

of the sampling program to cause unnecessary disturbance or damage to the biota communities in order to 

collect sufficient samples Any decrease in sample sue, however, COUM make data interpretation more drMcdt 

To be meaningful, the number of samples will also need to be large enough to obtain variance estimates 

OQOs for the tissue sampling program will be evaluated wtth respect to this determination prior to the Stage 

i field inventory and during design of the Stage 111 field sampling plan 

- 
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It is anticipated that tissue samples collected for contaminant analysis will be sent to a laboratory for I 

, 0 the fdlowing metals and radionudide analyses 

. Metalsdetermined by lnductivety Coupled Argon Plasma Emission Spectroscopy (ICP) (barium, 
hexavalent chromium, copper and iron), 

Metals determined by Oraphlte Furnace Atmk Absorption Spectroscopy (GFAA) (arsenic, 
cadmium, lithium, lead, selenium, strontium and zinc), I 

Mercury; 

Uranium 233,234,235,238, 

0 Americium 241, and 

0 Plutonium 239,240 I 
i 

Holding times, preservation methods, sample containers and field and laboratory qualq control sample 

I numbers are contained in the QAPjP and shown in Table 6-2 

The following equipment has been Identified for use in the Stage I field surveys and inventory The 

list is partial and does not indude the specialized laboratory equipment necessary for toxicological analyses 

Vegetation Sampling 

i 
i 
i :. 

30 m and 100 m flexible tape, 

Brunton compass, 

1 m rule, 

1 mz quadrat frames, 

1/4 m2 quadrat frames, 

Survey stakes or rebar for transect locations, 

Smaii sledge hammer; 

Field forms and dipboards, 

Plant press, 
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. Triple beam balance, 

. Disseding scope, 

. Paper collection bags, and 

Drying wen 

- 

Terrestrial Wdllfe Sampling 

I 
0 

i 

' I  

0 Binoculars, 

Smith lhre traps, 

. sweep nets, 

. Killing jar; 

Absorbent material, 

. Field forms and dipboard, and 

Aquatic Sampling 

Surber sampler; 

Ekman grab, 

Artificial substrate rack with glass slides, 

Styrofoam floats, 

No 35 mesh brass screen, 

No 60 mesh brass screen, 

Forceps and glass VAS, I 

70% ethanol, 

Dry ice and sample coo(ers, 



. Permanent markers, and 

. One gallon rip-loc plastic bags 

The following equipment will be used for preservation of vegetation samples for Stage 111 tissue analysis 

1 mz quadrat frames. 

Shears for tissue dipping, 

Small spade for root cdlection, 

Knife, 

One gallon plastic zip-loc bags, 

Large paper sacks, 

Permanent markers, 

Dry ice, 

coders, and 

Freezer 
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